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EXPLORING THE SOLAR SYSTEM -- 1974 T H R U  1991 

and 

THE SEARCH FOR EXTRATERRESTRIAL LIFE 

Introduction 

The Nati onal Aeronautics and Space Admi ni s t r a t i  on has a strong , 

r e a l i s t i c ,  and highly rewarding national space e f fo r t  planned fo r  th i s  

decade and the next. 
c,v r e  h+ O u r  current programs are working o u t  very well. We have had some 

notable successes. Here are some examples: 

-- Skylab, America's f i r s t  space s ta t ion and Man's f i r s t  home in 

space, has been an outstanding achievement. 

-- Pioneer 10 s t i r r ed  the imaginations of millions of people around 

the world as i t  passed close t o  the giant planet Jupi ter  i n  

December. 

-- Mariner 10 has passed Venus a n d  will f l y  by the innermost planet 

Mercury on March 29. 

L 
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-- Our most ambi t ious  s c i e n t i f i c  s a t e l l i t e  t o  da te ,  t h e  O r b i t i n g  

Astronomical  Observatory named f o r  Coperni cus (OAO-3) has produced 

evidence o f  t h e  ex i s tence  o f  a Black Hole here i n  ou r  own M i l k y  

Way Galaxy. 

-- Our f i r s t  Ea r th  Resources Technology S a t e l l i t e ,  ERTS-1, has 

proved t o  be a va luab le  new t o o l  t o  h e l p  manage t h e  w o r l d ' s  

resources and p r o t e c t  t he  environment. 

-- The worldwide e f f o r t  t o  s tudy  Comet Kohoutek, which NASA helped 

t o  coord ina te ,  has produced va luab le  r e s u l  t s  and s t i  r r e d  pub.1 i c 

i n t e r e s t  i n  comets, even i f  Kohoutek was n o t  seen by very  many 

people. 

L* 

P- 
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r 
These c u r r e n t  achievements g i v e  you some i d e a  o f  t h e  broad range o f  Ray ( :  

NASA's a c t i v i t i e s  today -- a c t i v i t i e s  which range through t h e  spectrum o f  ~ ~ ~ f i , , , >  

modern s c i e n t i f i c  endeavor, from measuring t h e  d r i f t i n g  a p a r t  o f  t h e  

con t inen ts  a t  about one i n c h  per  y e a r  t o  search ing  f o r  l i f e  elsewhere i n  

the  s o l a r  system. 

,+a 
4f t S n 4  
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1973 NASA Payload Model L 
L- 

C. We have recently completed an important new planning exercise a t  NASA. 

We have drawn u p  a document we ca l l  the 1973 NASA Payload Model which shows 

w i t h  some precision the number o f  payloads , and the kinds of payloads , we 

m i g h t  reasonably expect t o  send t o  Earth o r b i t  and f a r the r  out i n t o  the 

so l a r  system each year from now through 1991. 

c 

L- 

Our  planning t h a t  f a r  ahead is  s t i l l  qui te  ten ta t ive ,  as i t  should be, 

b u t  I can s t i l l  give you a good idea of the shape o f  the future  i n  space 

through 1991. 

the NASA payload model I am talking about assumes a level o f  expenditures 

a t  about the current level -- t ha t  i s ,  around $3.2 or $3.3 b i l l ion  dol lars  

of !\ 

FU7uRE 
And we have been quite r e a l i s t i c  about the cost ,  because 

c 

per year, adjusted as necessary f o r  in f la t ion .  
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S i x  Major Areas o f  NASA Activity 

To help organize my remarks today, I would l i ke  t o  ident i fy  s ix  major 

areas of NASA ac t iv i ty .  We won't have time t o  discuss them a l l ,  b u t  I do 

want you t o  know about each of them. 

One. 

Two. 

Three. 

50l,hR-. We will  continue t o  explore throughout the Solar System w i t h  

automated spacecraft ( t h a t  i s  , unmanned spacecraft) ; and one 

of the main aims of this exploration will  be t o  find _evidence SYSTEM t 

of . ex t r a t e r r e s t r i a l  l i f e ,  or  a t  l e a s t  a be t t e r  understanding 

of how l i f e  arose on Earth. 
h 

We will  intensify our use of spacecraft i n  Earth orb 

of these spacecraft will  look back a t  E a r t h  and some 

the Sun o r  look f a r  out in to  the Universe. Some wil 

t 
FA mi+ 
0 R b I T  

t .  Some 

will  stildy 

4. A 5 h  
seek 

s c i e n t i f i c  information, some will  produce practical  benefi ts .  8 .  eaaT1, 

D u r i n g  the remainder of this decade we wil l  concentrate much o f  

our e f f o r t  on developing the Space Shuttle transportation system, 5 ~ ~ 7 n ~ -  
which is a be t te r  and cheaper way of gett ing manned and automated 

payloads t o  Earth o rb i t  and back. We wi 11 also be working closely 

w i t h  a group of nine European countries which i s  developing a 

manned Spacelab module t o  be carried t o  o r b i t  and back i n  the 

Space Shuttle. 

c 
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Four. I n  a d d i t i o n  t o  developing t h e  Space S h u t t l e  i n  t h i s  decade, we 
< f . f V f T L E  

are  p lann ing  and developing t h e  improved payloads f o r  t he  S h u t t l e  ro 

YA ~ L e m s  t o  launch and s e r v i c e  i n  t h e  1980s and 1990s. These payloads w i l l  c- 

i n c l u d e  l a r g e  putomated obse rva to r ies  and a wide range o f  e x p e r i -  

ments and p r a c t i c a l -  -.. - t.a?As t o  be performed i n  the  manned Spacelab 

module. k 

Five ,  NASA has a s t r o n g  program i n  ae ronau t i ca l  research t o  h e l p  meet - 
n a t i o n a l  needs i n  t h i s  impor tan t  f i e l d .  Our main r e s p o n s i b i l i t y  

i s  t o  h e l p  i d e n t i f y  and meet t h e  research needs o f  c i v i l  a v i a t i o n ,  

b u t  we a l s o  work c l o s e l y  w i t h  t h e  m i l i t a r y  s e r v i c e s .  

E w r  Six .  We a l s o  have a number o f  programs t o  demonstrate how new technology 

- G C +  
developed i n  t h e  space program can be used t o  meet n a t i o n a l  needs 

ou ts ide  the  aerospace f i e l d .  For example, we a l ready  know a g r e a t  
1.- \ 
(CA/PaGY) deal about how s o l a r  energy can be harnessed o r  how hydrogen can 

be used as a f u e l .  
P- 
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For a number o f  reasons, I have chosen t o  concentrate today on 5 OLAR 
k 

exploring throughout the Solar System and the search for  ex t ra te r res t r ia l  S Y ~ f ~  
l i f e .  

F i r s t .  

Second. 

T h i  rd. 

+ 
h e  <&w- 

I have found these are subjects of especial in te res t  t o  

universi t audiences. .3! 

Our ef for t s  t o  explore the planets and s tudy  comets are 

producing interesting resul ts  a t  D resept time. 

We need broader public understanding o f  the reasons fo- r 

exploring the planets, and universit ies are certainly one 

of the key places in our society where th i s  understanding 

I .  

r" should be generated. 

F 

c 
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Outer Planets: Pioneer 10 

Let 's  s t a r t  w i t h  the Outer Planets, and the remarkable voyage of 

Pi oneer 10. 

Pioneer 10 has travelled fa r ther  from the Earth and flown fa s t e r  

t h a n  any other man-made object. 

32,000 miles per hour.  T h a t  i s  why we were already 15 years into the 

Space Age before the f i r s t  voyage t o  the Outer Planets was attempted. 

I ts  speed a t  launch had t o  be more t h a n  

Significant advances had t o  be made i n  spacecraft and  rocket technology 
I 

and space communications before a spacecraft l ike  Pioneer 10 could be 

1 aunched. r 

For example, i t  f l i e s  so f a r  from the Sun t h a t  i t  cannot rely on the 

solar  ce l l s  used t o  provide e lec t r ica l  power for  other spacecraft. I t  i s  

the f i r s t  NASA spacecraft t o  rely solely on nuclear energy fo r  the elec- 

t r i ca l  

DWhR 
power needed fo r  i t s  communications equipment and other instruments. cc 

This small spacecraft, weighing only 570 pounds , passed Jupi ter  
6 4 i  hYJ 

exactly on target ,  w i t h  a l l  instruments working ,  a f t e r  a voyaqe of  641 

days and more t h a n  500 million miles. 
--1 s, 
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It n o t  o n l y  passed J u p i t e r  on t a r g e t ,  i t s  a r r i v a l  was so p r e c i s e l y  h(ue 
16 

timed, w i t h i n  a minu te  o r  two, t h a t  i t  passed behind one o f  t he  moons o f  

J u p i t e r  -- the  moon Io  -- f o r  impor tan t  o c c u l t a t i o n  observa t ions .  - c- 

Moreover, Pioneer 10 s a i l e d  through t h e  i n t e n s e  r a d i a t i o n  zones o f  

J u p i t e r  w i t h o u t  s i g n i f i c a n t  damage. 

expected, P ioneer ' s  margin of s u r v i v a l  was apparent ly  smal l ,  b u t  i t  came 

The r a d i a t i o n  was s t r o n g e r  than - 
through w i  t h  f l y i n g  c o l o r s  . P- 

The g r a v i t y  o f  J u p i t e r  inc reased P ioneer ' s  speed t o  82,000 m i l e s  p e r  
CAE 

hour. Th is  speed w i l l  p e r m i t  i t  t o  escape t h e  Sun's g r a v i t y  and s a i l  on 

through i n t e r p l a n e t a r y  space u n t i l  i t  i s  captured  by t h e  g r a v i t y  o f  some 

c- "-.- -... -I ..l --. 

d i s t a n t  s t a r .  F 

Pioneer 10 i s  s t i l l  r e p o r t i n g  on t h e  i n t e r p l a n e t a r y  environment. We 
VRAluur 
z RILL 

expect t o  keep i n  touch w i t h  i t  u n t i l  i t  passes t h e  o r b i t  o f  Uranus some 

t ime  i n  1979. By then i t  w i l l  be n e a r l y  two b i l l i o n  m i l e s  f rom Ear th .  
4 

F 

Sending r a d i o  commands t o  Pioneer and g e t t i n g  back c o l o r  images o f  
I O  T N f T  

J u p i t e r  and da ta  f rom the  10 o t h e r  ma jor  s c i e n t i f i c  ins t ruments  aboard 

has been a tremendous communications achievement. 

I 

F 
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Keep i n  mind  t h a t  Pioneer's antenna must always be pointed toward 

Earth for  successful communications. 

Keep in mind tha t  Jup i t e r ' s  radio transmitter draws only eight watts 

of power to  begfn w i t h ,  and that  these signals are weakened t o  only a t i n y  

fraction of a watt by the time they reach Ear th .  

the audience, th i s  t iny fraction of a w a t t  i s  or l e s s .  That's one 

[For the engineers in 

8 

q u a d r i l l i o n t h  o r  less .] F 

'3 OlSrtU 

X I 0  Ff# 

Keep i n  mind  t h a t  these infinitesimal signals must be picked u p  by 

(%Lj one of NASA's ____. .--- three b i q - d - m  in California, Spain, or Australia, 

separated from a l l  the radio noise of space, and amplified t o  readable 

strength. F 

Then consider t h a t  some of these s ignals ,  when enhanced th rough  a Ppot a* 
special computer process a t  the University of Arizona, have produced color 

images of Jupiter w i t h  s ignif icant ly  more detail  than can be seen th rough  
pl C7r/RBS,! 

the best telescopes on Ear th ,  and you will  see why I consider Pioneer 10 IrC 

one of the most remarkable creations of the Space Age. 
7- - 

i 

i 
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What have we learned from Pioneer l o ?  

Articles are beginning t o  appear i n  the scholarly journals. The 

magazine Science for  January 25 had a good preliminary round-up o f  resul ts .  

Further disclosures will be made a t  a comprehensive press  briefing a t  NASA 

Headquarters i n  April. 
c 

f 

When a l l  the resul ts  are i n ,  we are going t o  know a great deal more 

m. 

F 

about Jupi ter  and i t s  moons t h a n  we d i d  before, a n d  i t  i s  l ikely we wi l l  

also know much more about  how Jupiter and  the other planets of the Solar 

System were formed. 

One of the f i r s t  important findings of Pioneer 10 has been t h a t  the 
. w  

Asteroid Belt i s  n o t  a s ignif icant  hazard t o  n a v i g a t i o n .  Despite soiiie A (WROlo 

nE'7  
___LI 

early fears on t h i s  subject,  we are def ini te ly  n o t  walled in from the 

Outer Planets. This finding and Pioneer's continued f l i g h t  toward the 

border o f  the S o l a r  System gives us an expanding view of where we l ive and  

what our environment i s .  

i n  the years ahead, t o  think of ourselves as inhabitants of the S o l a r  

System, rather t h a n  j u s t  of Ear th .  

I believe i t  i s  going t o  become quite natural, FT 

---.--. ---..---___ - - -) R E ~ ~ B  
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' P m  Lh- 

%w- 
We have a l s o  rece ived  some encouraging news about t h e  r a d i a t i o n  b e l t  

around J u p i t e r .  

Van A l l e n  B e l t s  around t h e  Ear th .  

s t range shape. 

J u p i t e r  i n  the  doughnut's ho le .  

spacec ra f t  q u i t e  c lose  t o  J u p i t e r ,  r e l a t i v e l y  speaking, w i t h o u t  passing 

The r a d i a t i o n  t h e r e  i s  much more i n t e n s e  than i n  the  

But  t h e  J u p i t e r  r a d i a t i o n  b e l t  has a 

I t i s  l i k e  a t h i n  d i s c ,  o r  a f l a t t e n e d  o u t  doughnut, w i t h  - olsc - 
This i n d i c a t e s  i t  may be p o s s i b l e  t o  send 

L. 

through, o r  spending much t ime  i n ,  t h i s  deadly r a d i a t i o n  b e l t .  For sc ien -  erc 

t i f i c  reasons, Pioneer 10 was sen t  through the  h e a r t  o f  t h e  r a d i a t i o n  b e l t .  

We have a l s o  found t h a t  J u p i t e r  has a magnetic ------- f i e l d  20 t imes - as H - aof 
s t ronq  as E-s, and t h a t  he l ium i s  an impor tan t  element i n  J u p i t e r ' s  

make-up. c 

d @4&l There i s  a l s o  encouraging news about t h e  Tour  l a r g e  moons o f  J u p i t e r .  $.k 
By encouraging, I mean we may be a b l e  t o  l a n d  spacec ra f t  on these moons 

some day, and i t  i s  p o s s i b l e  t h a t  we may f i n d  l i f e ,  o r  t h e  precursors  o f  L l f r ?  ? 
l i f e ,  t he re .  P 

c 
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For example, the 

to  have a density 3.5 

moon I o  (which i s  larger t h a n  our own Moon) appears 

times the density of water. This means i t  i s  more f a . -  
r o  '. - 

dense than our Moon, b u t  n o t  as dense as the Ear th .  

to  be more t h a n  j u s t  a big chunk of ice.  - 
I t  means t h a t  i t  has - 

vwt I t  appears t o  be made u p  o f  

rocky materials. The other large moons of Jupi ter ,  however, seem more n e  
like big chunks of ice .  bl 

Moreover, Pioneer discovered t h a t  Io has a n  ionosQere, and t h u s  A ~ M &  - 
also an atmosphere, b u t  apparently a very thin one. 

R 8 UOL, - I o  i s  a f a s t  t rave l le r .  I t  completes a revolution around Jupi ter  i n  
D A Y S  - 

less  than two Earth days. Astronomers noted years ago t h a t  i t  always 

appeared brighter for  a while a f t e r  emerging from Jup i t e r ' s  shadow. 

i t  i s  believed that  the ammonia gas i n  I o ' s  atmosphere fa l l s '  out as ''snow''$ToJeMS 

when I o  i s  on the d a r k  side of Jupi ter .  

l igh t  this  ammonia ''snow'' glows brightly until  i t  i s  warmed and returns 

Now 5h lOwI  cc ----.-- 

When I o  comes back into the sun- 
-,-.* 

t o  the atmosphere. 

These are j u s t  some of the strange things we are learning a b o u t  the 

giant planet and i t s  moons. 



13 

Planetary Theories 

Learning more about a l l  the planets, as we are  now doing, does n o t  

immediately lead t o  simple and  agreed upon explanations of how the Solar 

L.. 

c- 

System was formed. 

raises fou r  o r  f ive  new questions. 

We get the answer t o  one question and t h a t  j u s t  

B u t  t h a t  i s  the way science works. 
Y 

Jup i t e r . i s  especially interesting t o  us because i t  i s  so different  suP,r&f 
c- from Mars and Venus and Earth.  I t  i s  much more l ike  the S u n  t h a n  l ike  

Earth.  I t  i s  made of Sun-like materials,  n o t  Earth-like materials. 

L \ b E  
5 V J V  

I n  f a c t ,  i t  now appears t h a t  Jupiter i s  a so r t  of second S u n  t h a t  

never quite made i t .  Even so i t  radiates 2 1 / 2  times as much energy as 

i t  receives from the S u n .  c 

Jupiter i s  huge. I t  has 11 times the diameter of the Earth,  and 

almost 300 times the mass (or weight) of Ear th .  If Jupi ter  had been a b o u t  I 

three times as large in diameter as i t  i s ,  i t  could indeed have become a 

second S u n ,  with atomic processes l ike those of our  S u n .  

would have appeared brighter t o  us t h a n  our Moon, b u t  n o t  nearly so bright 

as the Sun ,  because of i t s  smaller s ize  and much greater distance from 

Earth.  

I t  wou d have been interesting t o  have had two Suns here in our  own S o l a r  

System 

2 j 7 h R  
Then Jupiter SYsTPfls" 

Two-star solar  systems are n o t  uncommon elsewhere in the universe. - 

I t ' s  t oo  bad Jupiter d idn ' t  make i t .  



14 

Specu la t ion  has a l s o  inc reased on why J u p i t e r  i s  so d i f f e r e n t  f rom 
- 

Ear th ,  Mars, and Venus. One theo ry  which has been advanced i s  t h a t  ~ ~ P ~ T E R ,  
J u p i t e r  and the  o t h e r  Outer P lanets  a r e  t h e  " m a l "  ones, so t o  speak, 

P 

c 

and Ear th ,  Mars, and Venus t h e  "funny" ones. I n  o t h e r  words, J u p i t e r  

and the  o t h e r  Outer Planets were formed from t h e  same m a t e r i a l  as the  

h / o g N h ~  

Sun , b u t  Earth,  -. Mars , and Venus a r ~ - l ~ ~ v ~ r s ~ ~ m ~ ~ ~ - ~ _ S _ t a r  t h a t  iL 

exploded eons ago. 

t h e  Sun, except by adopt ion .  

According t o  t h i s  theory ,  we d o n ' t  even belong t o  
IC 

We are  f o r e i g n e r s  as f a r  as ou r  Sun i s  

concerned. 

An opposing theo ry  i s  t h a t  a l l  t he  p lane ts  r e a l l y  do belong t o  our  - U T f l W  
Sun. 

m a t e r i a l s ,  l i k e  Earth,  Mars, and Venus, were formed c l o s e  t o  t h e  Sun. 

When t h e  S o l a r  System was formed, t h e  p lane ts  made of heav ie r  
T t E o P ' /  F 

-- 
-.-..-- c.. - 

Those made c h i e f l y  o f  t he  v e r y  l i g h t  elements, hydrogen and hel ium, 

were fornied much f u r t h e r  o u t  i n  t h e  S o l a r  System and became t h e  Outer 

P1 anets . 

I am ove r -s imp l i f y i ng  these t h e o r i e s ,  of course, b u t  you can see 

t h a t  e x p l o r a t i o n  of t he  p lane ts  does b r i n g  up i n t e r e s t i n g  and fundamental 

quest ions f o r  the  mind o f  modern man t o  g rapp le  w i t h .  

F 
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L. 
Outer Planets: Pioneer 11 

n?-- We have a s is ter  ship o f  Pioneer 10 on the way t o  Jupi ter  now. This 

is  Pioneer 11, which has been underway since April 6 of l a s t  year and will  

pass Jupi ter  on December 5 of this  year. 
- 

We have an interest ing option i n  case of Pioneer 11 . If we decide we 1 b 
1 1  c can safely send i t  much closer  t o  Jupi ter  than Pioneer 10 went, then i t  can 

pick u p  extra momentum and head off a t  the r i g h t  speed a n d  i n  the r igh t  

direction t o  pass f a i r l y  close t o  Saturn i n  1979. This i s  a decision we 

are  s t i l l  working on. 

<ATvev 
4YR5 4 

7 - -- .-. - _____ ”_ -..- 

2r 

Outer Planets: Mariner Jupiter/Saturn 1977 

Our  next spacecraft to  v i s i t  the Outer Planets, a f t e r  Pioneer 10 and h3-S $3 
11, will be two larger Mariner-type c r a f t ,  which will  be launched toward 

both Jupi te r  and Saturn i n  1977. These Mariner spacecraft will  weigh about Ir - -- 
1650 pounds each, compared w i t h  only 570 pounds f o r  Pioneers 10 and 11. 
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They w i l l  pass a t  a cons iderab le  d i s tance  from J u p i t e r  (more than 200,000 
k, 

m i l e s )  b u t  w i l l  come w i t h i n  about 72,000 m i l e s  o f  Saturn.  An espec ia l  n 

.- 
I< W65) 

e f f o r t  w i l l  be made t o  l e a r n  more about Saturn 's  r i n s s  and about t h e  moons 

o f  Saturn,  i n c l u d i n g  the  b i g  one named Tita,n, which appears t o  be one of zTw 
the  most i n t e r e s t i n g  bodies i n  t h e  So la r  System. A t  l e a s t  i t  appears t o  

have a s u b s t a n t i a l  atmosphere and atmospheric t e m p e r a t u r g  which migh t  

make i t  what has been c a l l e d  "a p lace  t o  s tudy p r e b i o l o g i c a l  o rgan ic  

e v o l u t i o n " .  

- 

Our two Mar iner  spacec ra f t  w i l l  have t o  t r a v e l  through space f o r  

3 1/2 years before they pass Saturn.  S ince they  a re  scheduled f o r  

launch i n  1977, t h a t  means they reach Saturn i n  1980 and 1981. 

P lanetary  e x p l o r a t i o n  takes pa t ience.  It cannot a l l  be done i n  one 

b i g  push, l i k e  the  Apo l l o  program t o  l a n d  on the  Moon. We have t o  move 
r4TIEuep 

s tep  by s tep,  decade by decade. But even so, a g r e a t  deal  w i l l  be 

learned,  and many e x c i t i n g  voyages w i l l  be made, d u r i n g  the  l i f e t i m e s  
\ 

!- 
of you young people here- today. 
--.--. 
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Inner Planets -- Venus and Mercury 

Now l e t ' s  come back from the Outer Planets and take a look a t  the 

Mariner 10 spacecraft we have headed in the other direct ion,  in toward 

the innermost planet, Mercury. 

k! 
Mariner 10 weighs about 1,100 pounds, o r  twice as much as Pioneer 

10. 

Mariner 10 passed Venus two weeks ago (on February 5)  and used the 
h A P W  lo 

___. - - -I- I I I -L-C- -- 
gravity pull o f  t h a t  planet t o  send i t  on toward Mercury. I t  i s  the 

f i r s t  spacecraft t o  use this k i n d  o f  gravity-assist  and also the f i r s t  

t o  head for  Mercury. 

Mariner 10 will pass Mercury on March 29.  
cu_c 

Mariner 10 took a b o u t  3,400 pictures o f  cloud-uvered Venus. 

t14 
r* 

These pictures reveal for  the f i r s t  time something of the nature 
uv 

p I d ~ ,  
of the weather on Venus. They reveal a sy.stem of bands and streaks i n  

the clouds roughly parallel t o  the planet ' s  equator, and vaguely remi- 
_I 

niscent o f  Jupi te r ' s  cloud bands. 

Analysis of the masses of s c i en t i f i c  d a t a  on Venus sent back by 

Mariner 10 have just begun. 
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Inner  Planets -- Pioneer Venus 1978 

Our new Budget, which the President announced ea r l i e r  t h i s  m o n t h ,  F- 

ca l l s  for  two new Pioneer spacecraft t o  be I-. sent t o  Venus in 1978. These PI/ '98 
c 

Pioneers will weigh a b o u t  1,500 

One will send entry probes 

locations t o  measure i t s  compos 

pounds. 

into the Venus 

tion and globa 

L 

atmosphere a t  four different  -- - 

dynamics. These probes c 

will be designed t o  survive until they reach the surface,  b u t  n o t  necessarily 

on the surface. 

character is t ics  of the atmosphere and the i r  temporal changes. 

The second spacecraft will o rb i t  Venus t o  study the -.--, --.-___ 

This i s  a project which has had a t o p  s c i en t i f i c  pr ior i ty  as  the next 

new step in planetary exploration. 

global dynamics o f  the atmosphere of Venus, whi_ch,i_s-_!OO tinies denser t h a n  

the Earth i s ,  will give a better understanding b o t h  of Venus a n d  of the 

forces t h a t  drive the Earth's atmosphere, meteorology, and climatology. 

Detailed study of the composition and 

------- --'----.------ -- 

The Pioneer Venus missions s t i l l  have t o  be approved by Congress. 

c 
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Mars -- V i k i n g  1975 

Now l e t  us t u r n  t o  what I t h i n k  w i l l  be our  most e x c i t i n g  and most 

s i g n i f i c a n t  p l a n e t a r y  miss ions  i n  t h i s  decade. 

These a r e  two f l i g h t s  by l a r g e  advanced V i k i n g  spacec ra f t  t o  o r b i t  --- 
and land  on Mars. They w i l l  be launched n e x t  yea r  and l a n d  i n  1976. 

c 

0 
L.. 

F 

The V i k i n g  spacec ra f t  weigh 8,100 pounds. 

Each V i k i n g  c o n s i s t s  o f  two major p a r t s  -- an O r b i t e r  and a Lander. --- b_x_--- 

While the  O r b i t e r s  r e l a y  communications w i t h  E a r t h  and ga the r  o t h e r  data,  

the  Landers w i l l  touch down s o f t l y  on t h e  Mar t i an  sur face ,  t r a n s m i t  TV 

p i c t u r e s  , and dep loy  ins t ruments  t o  search f o r  evidence o f  e x t r a t e r r e s t r i a l  

l i f e .  

k 

- -  . __- ________L_____. -- - -.- ---, 
c 

It j u s t  so happens t h a t  t h e  c e l e s t i a l  mechanics i nvo l ved ,  and t h e  

schedu l ing  d i c t a t e d  by budgetary cons ide ra t i ons ,  w i l l  p e r m i t  one o f  t h e  

V ik ings  t o  l and  on Mars on o r  about t h e  Four th  _.---- o f  J u l y  1976, _ _  I on t he  

200th ann iversary  o f  American independence. 

F 

We hope our  V i k ing  landers  w i l l  be t h e  f i r s t  t o  d i scove r  uncontes tab le  

evidence o f  l i f e  elsewhere i n  t h e  So la r  System. 

t h e  Russia:-.:. 

Bu t  t h i s  honor may go t o  

F 
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As you probably know, the f a v o r a b l e  o p p o r t u n i t i e s  t o  send s p a c e c r a f t  
L 

t o  Mars come a t  abou t  two-year i n t e r v a l s .  We passed  up the o p p o r t u n i t y  

t o  launch s p a c e c r a f t  t o  Mars i n  1973, b u t  the Russ ians  d i d  n o t .  CL 

The Russians launched two s p a c e c r a f t  t o  Mars i n  July o f  1973 and two 

i n  August. 

They c a l l  them Mars 4 ,  5 ,  6 ,  and 7 .  
c 

Mars 4 had bad luck .  Because a brak ing  r o c k e t  f a i l e d  t o  f u n c t i o n ,  4, 5 
Mars 4 s a i l e d  r i g h t  on p a s t  the p l a n e t  a t  an  a l t u t u d e  o f  about  1 ,400  miles. 

Mars 5 has  gone i n t o  o r b i t  around the p l a n e t .  ( I t  i s  i n  an e l l i p t i c a l  
I 

c" o r b i t  w i t h  h igh and low p o i n t s  o f  abou t  20,000 miles and a b o u t  1 ,000  m i l e s . )  

Mars 6 and 7 w i l l  a r r i v e  a t  the p l a n e t  e a r l y  i n  March. - 

The Russians have announced t h a t  Mars 4 and 5 a r e  "analogous' '  and 

t h a t  6 and 7 a r e  "analogous".  They have n o t  announced w h i c h  of the space-  
F 

c r a f t  will send down l a n d e r s .  One guess  i s  t h a t  Mars 6 and 7 will  a t t e m p t  

l and ings .  

F 
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We d o n ' t  know e x a c t l y  what ins t ruments  t h e  Russians a r e  go ing  t o  N o  Y* 

l and  on Mars. They w i l l  undoubtedly have imaging equipment t o  send back 1;fq 
CC 

p i c t u r e s .  

ment such as we expect t o  l a n d  on Mars i n  1976. 

It i s  v e r y  u n l i k e l y  t h a t  t hey  w i l l  have l i f e  detect ion- 

Unless t h e r e  a r e  l i f e  forms on Mars b i g  enough t o  be seen i n  t h e  
L 

Russian TV p i c t u r e s ,  i t  i s  u n l i k e l y  t h a t  we w i l l  know be fo re  1976 whether --- ---- 

t h e r e  i s  l i f e  t h e r e  o r  n o t .  F 

However, i f  the  Russians a r e  success fu l  on t h e i r  c u r r e n t  missions, 

they  should be a b l e  t o  o b t a i n  t h e  f i r s t  d e t a i l e d  p i c t u r e s  o f  what t h e  

su r face  o f  Mars looks  l i k e .  

ec 
From our Mar iner  9 p i c t u r e s ,  which were taken from Mars o r b i t ,  we 

know o n l y  t h e  gross 

caps, t he  v-, 

rocks are,  we don ' t 

f e a t u r e s :  

and f e a t u r e s  o f  t h a t  s o r t .  

know i f  t h e r e  a r e  any s t range geo log ica l  fo rmat ions ,  

t h e  canyons, t h e  r i v e r  beds, the_ p o l a r  _c- i k e  

We d o n ' t  know how b i g  t h e  

-. * -- -. - 

and o f  course we d o n ' t  know i f  t h e r e  a r e  any s m  l i f e  specimens, 

But  these a r e  the  t h i n g s  we may l e a r n  f rom t h e  Russian images i f  they  

a re  success fu l .  
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Our Vik ing  Landers in 1976 will carry very high resolution cameras 

plus good biological detecting systems, so we will be able t o  t e l l  whether 

there i s  any living material in the soi l  near the spacecraft, and  also 

whether there has been any living material in the recent past. 

Moreover, we will be landing i n  regions o f  Mars which are much more 

l ikely to support l i f e  t h a n  the regions the Russians have chosen t o  l a n d  

h.5 . 
v g  

- - e  - -I--_____ _--.. --- 
t 

-___ 
-I - 

i n  th i s  year. The Russians have chosen the landing places t h a t  appear MssP - --_ --d 

most interesting geologically, b u t  less  interesting biologically. - .-.~ .-.- -.----- rr 

We will be landing, for  example, in the northern p a r t  of Mars (45" N) 

about 20 degrees from the edge of the nor th  polar cap. 

water ice in the polar caps o f  Flars and  we would expect t o  find the l i f e  

forms where the water i s ,  or has been. T h a t  i s ,  of course, i f  the l i f e  

We think there i s  

c" 
3 c e  
b Q I  

--. . ".-- m - 7 -  

forms on 

Our 

Mars are the same as we know on Ear th .  

--- other 1iudLt-11 will be a t  the m o u t h  of w h a t  appear t o  have been P I g E  f l  
river beds, in the expectation t h a t  water flowing i n  the past may have 

deposited elemental organisms of one kind or another in the soi l  a t  t h i s  

point. 

C J & o j  -- 
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T e n t a t i v e  Mars Missions c 
i 

We have no approved Mars miss ions  beyond t h e  V i k i n g  l and ings  i n  1976. 

But  according t o  t e n t a t i v e  p lans  (as s e t  f o r t h  i n  the  -- 1973 NASA Payload 

Model) we may 

-- launch another V i k i n g  t o  Mars i n  1979, -_ _ _  ... -1 - 
-- two new spacec ra f t  t o  b r i n g  back su r face  samples f rom Mars i n  5 AMfL E 

@E7 Ogu 1984 
c-- 

5AhQLAJ -- and two s i m i l a r  spacec ra f t  t o  b r i n g  back samples f rom t h e  two moons 
-FRoh P W ~ U ~  o f  Mars, Phobos and Deimos i n  1990 and 1991. 

4-DP l f lU f  t- 

I n  case you a re  wondering, we have n_o plan: a t  t h i s  t ime  f o r  a manned -------~ 
land ing  .L-.9 on Mars. Ab )nAlt’PEQ 

I hope I have a l ready  made c l e a r  - one reason why we d o n ’ t  have such 

cc 
I / \  /VEEP 

pe€l IM /hi plans. 

importance t o  be undertaken f i r s t  w i  t h  automated (unmanned) spacec ra f t  . (i) cdJf 
These w i l l  keep us busy u n t i l  t h e  199Os, a t  l e a s t .  

the  h i g h  cos t .  

There a r e  so c_- m a g y q y e l i m i n a r y  miss ions  o f  g r e a t  s c i e n t i f i c  

A - second reason i s  

I w i l l  come back t o  t h i s  s u b j e c t  l a t e r  on. 



23 A 
Other Tentative Missions to  Explore the Solar System 

I would l ike  to  t e l l  you very br ief ly  a b o u t  some of the other 

tentative plans we have for  exploring the planets i n  the 1980s and  early 
---. 

1990s. 

We have tentative plans t o  send as many as 10 Mariner or Pioneer lo I A f I n !  Le, 

spacecraft t o  the Outer Planets in the 1980s. We will explore a l l  the (A1If!$t$ 
Y .  - ---..---- 

Outer Planets except Pluto, which i s  too f a r  away. P I U t d )  - 
About 1990 we may send two very heavy payloads weighing a b o u t  11 

v. L A N P  
tons each t o  land a TV camera and other instruments on one of the moons - 
of Jupi ter .  = W / T f R  

h b O n /  
I n  the mid-Eighties we may send two spacecraft t o J x i n  the- - 

heavy atmosphere of Venus a t  various levels .  

a TV camera and other instruments on Venus. 

And by 1989 we may land V’ 
VENd/$ 

-..-- CI. 

We also have tentat ive plans t o  send eight automated spacecraft -- t o  - 

the Moon between 1979 and 1991. These include Lunar Rovers which could 

travel 60 miles or more d u r i n g  a year on the Moon and others which could 

8 t o  , 

hpolt/ --- - 
send samples back t o  Earth from the hidden s ide o f  the Moon. 

.I-c----. - 
We also are considering sending automated spacecraft t o  studv cme t s  c VMEIJ 

A sre poi  P) 

a t  close range, beginning in 1979, and  perhaps make a landing on the 

nucleus of a comet. 

one o r  more large asteroids in the mid-Eighties. 

-- 
We also w a n t  t o  send automated spacecraft t o  v i s i t  

_-------- 

Next page i s  24 
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The Search for  Extraterrestr ia l  Life 

To conclude my description of NASA's  plans, and hopes, fo r  exploring 

the Solar System, I would l ike  t o  go a l i t t l e  deeper into one of the great 

s c i en t i f i c  and philosophical undertakings of our  time: 

ex t ra te r res t r ia l  l i f e .  

the quest for  - 
.I 4 

I imagine th i s  i s  the part  of the space program which many of you 

f i n d  most interesting. 

Personal Views 

I will give you some personal views: 

1 .  
F 

Mt> There i s  no hope of f i n d i n g  in te l l igent  l i f e  J elsewhere in our 

Solar System. 
PdeII. ---I---. *. 

As f a r  as t h i s  particular corner of the universe 
lh 

i s  concerned, we are it. S O U L  S Y 5 L  

2. I do  t h i n k  the chances are f a i r  t h a t  we will find primitive l i f e  
P- 

F A h  - -__ . . - .  - 
forms on Mars or other planets, 

or in the i r  atmospheres, 

or on their  moons. 

P 
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The Search f o r  E x t r a t e r r e s t r i a l  L i f e  i. 

Personal Views (cont inued)  c 

3. Such a d i scove ry  w i l l  shed l i g h t  on how l i f e  arose on Ear th .  K e y  pr* Y l ab  
-..---- 

I t  w i l l  s t rengthen our  c o n v i c t i o n  t h a t  i n t e l l i g e n t  l i f e  must 

e x i s t  on the  p lane ts  of m i l l i o n s ,  o r  even b i l l i o n s ,  o f  o t h e r  

based 04 , 
& 

hpb. -? 14 
s t a r s  i n  the  un iverse .  

4. W i l l  we ever be a b l e  t o  v i s i t  o t h e r  c i v i l i z a t i o n s  i n  space, o r  

expect them t o  v i s i t  Ea r th?  

-_ _ _  . _  - . -- 

VI si L 

F 

I doubt it, i n  view of t h e  g r e a t  d is tances  i nvo l ved .  

We s imp ly  do n o t  know how t o  beg in  t o  b u i l d  t h e  k i n d  of space- 

0 7  I4 m7 

.- --7 

s h i p  t h a t  would be needed t o  reach even t h e  neares t  s t a r s .  

Maybe f u t u r e  genera t ions  o f  Ea r th  men w i l l  l e a r n  how t o  b u i l d  such 

i n t e r s t e l l a r  space sh ips.  
P 

But  f i r s t  they w 

laws o f  t he  un ive rse .  

11 have t o  ga 

I f  t h e r e  are 

n sweeping new i n s i g h t s  i n t o  t h e  phys 

such i n t e r s t e l l a r  spaceships i n  use 

elsewhere i n  the  un iverse ,  f u t u r e  aenera t ions  
+ 

them on the  i n t e r g a l a c t i c  r a d i o  network, and save themselves a l o t  o f  t ime bB0" 
and t r o u b l e  

T4F-M _----A 

F 
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The Search for Extraterrestrial Life 

Personal Views (continued) 
c 

5. Although I am pessimistic about the chances o f  our travelling 

outside the Solar System, I believe the chances are very good 
------AM*- 

that ..I-.--- we can _---...._--. communicate -- ....-- by radio with advanced civilizations 
4 

in r L r .  

our Milky Way Galaxy or in the many billions o f  other galaxies 
7 in the Universe. 

I find it quite easy to believe that there must be many advanced 

civilizations broadcasting in our direction -- not t o  us specifically, 

but in our direction. 

La 

F 

I am also sure that we have the technology needed -- right now -- - A 

to seriously search for and eventually intercept such signals. 

, 

F 
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The Search fo r  Extraterrestrial  Life 

Personal Views (continued) 

My optimism i s  based on a serious study made recently w i t h  

suppor t  from NASA. 

expl ic i t  directions for  set t ing u p  an intergalact ic  1 istening 

I t  is called Project Cyclops. I t  gives very 
-_.__- - . - - -  

system, with present day technology. 

I t  i s  simply a question o f  money, and therefore o f  public 

in te res t .  

Such a l istening system will probably be s e t  u p  by today's 

college students, when you are planning the programs a n d  the 

budgets o f  the United States .  

I t ' s  something to  think a b o u t .  

NASA are already deeply committed 

B u t  fo r  the present, we a t  
Fc, Z c__ _J) - 
9 ? E S & N 7  cc 

a )  to exploring here a t  4--- home i n  the Solar System E x f l u R E  suw)p 
-I 

V 5 $  
o R M  

b )  and t o  making more effect ive use of Ear th  o rb i t  f o r  science 

and practical benefits . 
-..--.._--..___I__ 



28 

Questions 

Now I would l ike t o  come back t o  the questions I usually get asked: 

When will Americans return t o  the Moon? 

When will we land men on Mars? 

When will we establish a Large Space Station in Earth orb i t?  

Man's Return t o  the Moon 

I t  i s  quite possible that  the Russians will send men t o  the Moon f o r  
. - ..- - . - .__.__-- --- L. - 

p" 

short stays d u r i n g  th i s  decade, as we have already done i n  the Apollo r;l 
program. A L A  d d e ?  

Whether we will w a n t  t o  send men back t o  the Moon on short Apollo-  

rc 
type missions requires further study. I t  i s  probably better t o  wait Dt)w 

C\Y-:E until  we are ready t o  begin establishment o f  manned sc i en t i f i c  bases for  

long term use, l ike  our present bases in the Antarctic. 
.A Ahl lAcm -- -- 

I 

L 7  (J-- 

As I see i t  now, such bases on the Moon are n o t  l ike ly ,  even a f t e r  

1991, unless they are bui l t  i n  international projects with the cooperation 

of the S o v i d t  Union, the United S ta tes ,  and perhaps even Europe. Such 

bases would be too expensive for  one country alone. -------- _c__ 

F 
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Prospects f o r  Manned Mars Landing 

I think manned exploration of Mars should be undertaken qf te r  we- A F ~ E R  - 
C--."- 

4 P n C E  have had exper~ence-3wj-th~l_a_Cg~-SEa~e-Statiops in Earth o rb i t  and with ----- -'-- 

long s tays  in sc i en t i f i c  bases on the Moon. 
hr 

Like sc i en t i f i c  bases on the Moon, manned expeditions t o  Mars will 

have t o  be organized on an international basis.  They will  be t o o  v 

expensive fo r  any one country alone. 

Prospects f o r  a Large Manned Space Station 

b 5 P  Skylab has c lear ly  shown the potential value of  the Space Shuttle - 
and the Spacelab module, which can serve as a snia11 space s ta t ion  C E P T N N  

accommodating about four s c i en t i s t s  f o r  missions u p  t o  30 days. 

B u t  Skylab has a lso convinced us tha t  we will need LargsSEce  u . 5 .  - 
-___...I--- 

Stations for  long missions employing larger  and more sophisticated 
__I ..-.---- 

instruments. 

P 
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B u t  we simply do not have the  funds i n  t h i s  decade t o  develop bo th  
----12 __ ____._C__C----- --- -’--. 

the Space S h u t t l e  and a Large Space Station. 

had t o  give pr ior i ty  t o  the Shuttle a n d  the smaller Spacelab module. 

Faced w i t h  t h a t  choice, we -...------- ----- ---- -_______ __ y- 

I t  i s  very l ikely t h a t  the Soviet Union will develop a space s t a m n ,  
----. - ---.-- ---. -- 

and they may have i t  i n  o rb i t  by the end of t h i s  decade. How i t  will 

compare i n  s ize  and ve r sa t i l i t y  and productivity with the manned Spacelab 

module the Europeans are  developing fo r  use with the Space Shuttle remains 

t o  be seen. 

Conclusion cc 

coo  e We should n o t  be dismayed by the f ac t  t h a t  cost  factors require 

international cooperation on such large undertakings as sc ien t i f ic  bases 

on the Moon and manned landings on Mars. We should welcome i t .  

--.-.I-. ” . .” ---.. 
-7 - - ,  , ,_ .”. - I- .”a ~ -. 

c- 

I think such cooperation i s  an excellent way o f  he 

t h a t  we will enter the 21st century as a world a t  peace 
2__ 

-. __-_. _. 

ping t o  assure 
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W i l l  such long-term, l a rge -sca le  i n t e r n a t i o n a l  ventures i n  space be h 

p o l i t i c a l l y  f e a s i b l e  one o r  two decades f rom now? I very  much hope so. 
r_ 

No one can say w i t h  c e r t a i n t y ,  o f  course. But  I can p o i n t  o u t  t h a t  we have 

taken two impor tan t  s teps i n  t h i s  general  d i r e c t i o n  a l ready :  
-1I_cI 

FEA5 r n a  2 && 1) The schedul ing of  t he  Apollo/Soyuz Tes t  P r o j e c t  f o r  1975 

and 
P 

2)  The agreement w i t h  n ine  European c o u n t r i e s  t o  develop t h e  

manned Spacelab module f o r  use w i t h  the  Space S h u t t l e .  

f 
And by 1991 I a n t i c i p a t e  t h a t  i t  w i l U  slr-mrt_o_-aLl t h a t  i f  i t  i s  

-- , ---- 
des i red  t o  proceed on the  major space miss ions o f  t he  f u t u r e ,  t he re  i s  no F 

a1 t e r n a t i v e  t o  i n t e r n a t i o n a l  coopera t ion  -- no a1 t e r n a t i v e  t h a t  i s  ,both 

f e a s i b l e  and approp r ia te  i n  a wor ld  a t  peace. 

__-___- - - -  -_ - - - .- ---_ 
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I t  i s ,  o f  course, d i f f i c u l t  t o  plan now for  the future beyond 1991. 

Our Payload Plodel goes a b o u t  as f a r  as one can go .  

L.  

For the near future -- fo r  the next 18 years -- we do have well 

planned space programs and poss ib i l i t i es  which we can afford on a national 

basis,  which do encourage international cooperation i n  space on  a growing 
Lr 

- scale,  and which are the logical next steps t o  explore and  use space. 

The many space achievements we have tentatively planned for  t h e  next \ew 
18 years will enrich our l ives ,  advance our  technology, and enhance our  

security. They will be achievements t h a t  we as a people can be very proud/ 

of .  
P 

c 



Dr. Fletcher, Associated Students Utah State University Lecture Series 
February 20, 1974 

IJ\+ A 
. -  EXPLORIhG THE SOLAR SYSTEM -- 1974 THRU 1991 p'i LA V- 1' 

I ' / L ;  
(1 c i cT b' 

l ! L d  ' J "  

and p r y / .  

1'1 *b ' ' li 
L l ,  i THE SEARCH FOR EXTRATERRESTRIAL LIFE 

' 2 )  'I :;I 1) I n t  roduct i on 
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r ea l i s t i c ,  and h igh ly  rewarding national space effor? planned f c r  this 

decade and the next. 

Our current propans  - are working o u t  very well. - Ne have had some 

notable successes. Here are sm~3 examples: 

-- Skylah, Aqerica's f - i r s t  space sta.tion and Nan's f i r s t  home i n  

space, has been an o u t s t a n d i n g  achievement. 

-- Pioneer IO s t i r r ed  the imginations of millions of people around 

the world as i t  passed close t o  the giant planet Jupi ter  i n  

Decem be r . 
-- Mariner 10 has passed VenG; and wil l  f l y  by the innermost planet 

Mercury on March 29. 

-- Our most ambitious sc ien t i f ic  s a t e l l i t e  to  aate ,  the Orbiting 

Astronomical Observatory named for  Coperni cus (OAO-3) has produced 

evidence of the existence of a Black Hole here i n  our own Milky 

Way Galaxy. 

... . 
i y  
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-- Our f i r s t  Earth Resources Technology Sate1 1 i t e ,  ERTS-1 

proved t o  be a valuable new tool t o  help manage the wor 

resources and protect the environment. 

-- The worldwide e f fo r t  t o  study Comet Kohoutek, which  NAS 

has 

d ' s  

he1 ped 

t o  coordinate, has produced valuable resul ts  and s t i r r ed  public 

in te res t  i n  comets, even i f  Kohoutek was not seen by very many 

people. 

These current achievements give you some idea o f  the broad range of 

NASA's ac t iv i t i e s  today -- ac t iv i t i e s  which range t h r o u g h  the spectrirm o f  

modern sc i en t i f i c  endeavor, from measuring the dr i f t ing  apart  o f  the 

continents a t  about one inch per year t o  searching f o r  l i f e  elsewhere i n  

the solar  system. 
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1973 NASA Payload Model 

We have recently c o  j le ted  an important new planning exercise a t  NASA. 

We have drawn up a document we c a l l  the 1973 NASA Payload Model w h i c h  shows 

w i t h  some precision the number of payloads, and the k i n d s  of payloads, we 

m i g h t  reasonably expect t o  send t o  Earth o r b i t  and farther o u t  in to  the 

solar system each year from now t h r o u g h  1991. 

Our planning t h a t  f a r  ahead i s  s t i l l  quite ten ta t ive ,  a s  i t  should be, 

b u t  I can s t i l l  give you a good idea of the shape of the future i n  space 

through 1991. 

the NASA payload model I am talking about  assiimes a level o f  expenditures 

a t  about the current level -- t h a t  i s ,  around $3.2 or $3.3 b i l l ion  dol la rs  

per year,  adjusted as necessary f o r  in f la t ion .  

And we have been quite r e a l i s t i c  about the c o s t ,  because 



S i x  Major Areas o f  NASA Activity ( '  

To h e l p  organize my remarks today, I would like t o  ident i fy  s i x  major 

areas of NASA ac t iv i ty .  - We won't have time t o  discuss them a l l ,  b u t  I do 

want you 

One. 

Two. 

Three. 

t o  know about each of them. 

We will  continue t o  explore throughout the Solar  System w i t h  

automated spacecraft  ( t h a t  i s  , unmanned spacecraft)  ; and one 

of the main aims of this exploration will be t o  f i n d  evidence 

of ex t r a t e r r e s t r i a l  l i f e ,  or a t  l e a s t  a better understanding 

of how l i f e  arose on Earth. 

We will intensify our use of spacecraft  i n  Earth o r b i t .  

of these spacecraft  will look back a t  Earth and some will study 

the Sun or look f a r  out i n to  the Universe. Some will seek 

s c i e n t i f i c  information, some wili produce practical  benefits .  

During the remainder of this decade we wil l  concentrate much of 

our e f f o r t  on developing the Space Shut t le  transportation system, 

w h i c h  is  a better and cheaper way o f  get t ing manned and automated 

payloads t o  Earth o r b i t  and back. 

w i t h  a group of nine European countries w h i c h  i s  developing a 

manned Spacelab module t o  be carr ied t o  o r b i t  and back in  the 

Space Shut t le .  

Some 

We will  a l so  be working closely 
4t 
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Four. Iri addition t o  developing the Space Shuttle i n  this decade, we 

are p l a n n i n g  and developing the improved payloads fo r  the  Shuttle 

t o  launch and service i n  the 1980s and 1990s. These payloads will 

include large automated observatories and a wide range of experi- 

ments and practical tasks t o  be performed i n  the manned Spacelab 

modu 1 e .  

NASA has a strong program i n  aeronautical research t o  help meet 

national needs in this important f i e l d .  O u r  main responsibility 

is t o  help identify and meet the research needs of c iv i l  aviation, 

b u t  we also work closely with the mili tary services. 

We also have a number o f  programs t o  demonstrate how new technology 

developed i n  the space program can be used t o  meet national needs 

outside the aerospace f i e ld .  

deal about how solar energy can be harnessed or how hydrogen can 

be used as a fuel .  

Five. 

Six. 

For example, we already know a great 

i 



,;Df-=hese sl ,main-areas -of--NASA act ivi ty , -  I have chosen t o  concentrzte 

today on the fiys_t-one: exploring throughout the Solar System and the 

search f o r  

There 
L. 

ext ra te r res t r ia l  l i f e .  
7 a r  threk reasons f o r  my--chojce: y-, '.- .-_ 

have found these are  subjects of especial i n t e re s t  t o  university 

audiences. 

Jicb~~$& O u r  e f fo r t s  t o  explore the planets and study comets are  producing 
L 

interesting results a t  the present time. 

We need brcader public understanding o f  the reasons f o r  exploring 

the planets,  and Universities are cer ta inly one of the key places 

i n  our  society where th i s  understanding should be generated. 

i 



Outer Planets: --___- Pioneer 10 

Let 's  s t a r t  w i t h  the Outer Planets, and the remarkable voyage o f  

Pioneer 10. 

Pioneer 10 has travelled fa r ther  from the Earth and flown fa s t e r  

than any other man-made object.  

32,000 miles per hour. That i s  why we were already 15 years into the 

Space Age before the f i r s t  voyage t o  the Outer Planets was attempted. 

I t s  speed a t  launch had t o  be more than 

Significant advances had t o  be made i n  spacecraft and rocket technology 

and space communications before a spacecraft l ike  Pioneer 10 could be 

1 aunc hed . 
For example, i t  f l i e s  so f a r  from the Sun tha t  i t  cannot re ly  on the 

I t  is solar  c e l l s  used t o  provide e lec t r ica l  power f o r  other spacecraft. 

the f i r s t  NASA spacecraft t o  rely solely on nuclear energy f o r  the elec- 

tr ical  power needed fo r  i t s  communications equipment and other instruments. 

T h i s  small spacecraft, weighing only 570 pounds, passed Jupi te r  

exactly on ta rge t ,  w i t h  a l l  instruments working, a f t e r  a voyage of 641 

days and more than 500 m i l l i o n  miles. 

I t  not only passed Jupi ter  on t a rge t ,  i t s  arr ival  was so precisely 

timed, w i t h i n  a minute or two, t ha t  i t  passed behind one of the moons of 

Jupiter -- the moon Io -- f o r  important occultation observations. 

Moreover, Pioneer 10 sailed through the intense radiation zones of 

Jupiter without s ignif icant  damage. 

expected, Pioneer's margin of survival was apparently small, b u t  i t  came 

t h r o u g h  w i t h  f lying colors. 

The  radiation was stronger t h a n  

i 

i 
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The gravity o f  Jupi ter  increased Pioneer's speed t o  82,000 miles per 

hour. This speed will permit i t  t o  escape the Sun's gravity and sail  on 

through interplanetary space until  i t  is captured by the gravity of some 

d is tan t  s t a r .  

Pioneer 10 is s t i l l  reporting on the interplanetary environment. We 

expect t o  keep i n  touch w i t h  i t  u n t i l  i t  passes the o rb i t  o f  Uranus some 

time i n  1979. By then i t  will be nearly two b i l l ion  miles from Earth. 

Sending radio commands t o  Pioneer and gett ing back color images of 

Jupi ter  and data from the 10 other major s c i e n t i f i c  instruments aboard 

has been a tremendous communications achievement. 

Keep i n  mind t ha t  Pioneer's antenna must always be pointed toward 

Earth fo r  successful communications. 

Keep i n  mind tha t  Jup i t e r ' s  radio transmitter draws only eight watts 

o f  power t o  begin w i t h ,  and tha t  these signals a re  weakened to only a t iny 

fract ion of a watt by the time they reach Earth. 

the audience, this t iny fract ion of a w a t t  i s  10-'.or l e s s .  T h a t ' s  one 

quadri 11 ionth or less .] 

[For the engineers i n  
1 -  

Keep i n  mind t ha t  these infinitesiimal signals must be picked u p  by 
/" 

one of NASA's three big-dish antennas i n  California, Spain, or Australia, 

separated from a l l  the radio noise of space, and amplified t o  readable 

strength. 

Then consider t ha t  some of these s ignals ,  when enhanced through a 

special computer process a t  the University of Arizona, have produced color 

images o f  Jupiter w i t h  s ignif icant ly  more de ta i l  than can be seen through 

the best telescopes on Earth, and you will see why I consider Pioneer 10 

one o f  the most remarkable creations of the Space Age. 
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- What have we leawed froni Pioneer I-- IO? 

Articles are  beginning t o  appear i n  the scholarly journals.  The 

magazine Science f o r  January 25 had a good preliminary round-up o f  resu l t s .  

Further disclosures will be made a t  a comprehensive press briefing a t  NASA 

Headquarters i n  Apri 1 . 
When a l l  the results are  i n ,  we a re  going  t o  know a great  deal more 

about  Jupi ter  and i t s  moons than we d i d  before, and i t  i s  l ike ly  we will  

a lso know much more about  how Jupi ter  and the other planets o f  the Solar 

System were formed. 

One of the f i r s t  important findings of Pioneer 10 has been tha t  the 

Asteroid Belt is not a s ignif icant  hazard t o  navigation. 

early fears  on this subject,  we are def ini te ly  not walled i n  from the 

Outer Planets. This f i n d i n g  and Pioneer’s continued f l i g h t  toward the 

border of the Solar System gives us an expanding view o f  where we l ive  and 

what our environment is .  

i n  the years ahead, t o  t h i n k  of ourselves as inhabitants of the Solar 

System, rather than just o f  Earth. 

Despite some 

I believe i t  i s  going t o  become quite natural ,  
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We have also received some encouraging news about the r a d i a t i o n  be l t  

around Jupi ter .  The  radiation there is much more intense than i n  the 

Van Allen Belts around the Earth. 

strange shape. 

Jupi te r  i n  the doughnut's hole. T h i s  indicates i t  may be possible t o  send 

spacecraft quite close t o  Jupi ter ,  re la t ive ly  speaking,  without passing 

through, or spending much time, i n  thls deadly radiation be l t .  For scien- 

t i f i c  reasons, Pioneer 10 was sent  through the heart of the radiation be l t .  

B u t  the Jupiter radiation be l t  has a 

I t  i s  l i ke  a t h i n  d i sc ,  or a f la t tened o u t  doughnut ,  w i t h  

We have also found t h a t  Jupi ter  has a magnetic f i e l d  20 times as 

strong as Earth 's ,  and t h a t  helium i s  an important element i n  Jup i t e r ' s  

make-up. 

There is  also encouraging news about the four  large moons o f  Jupiter. 

By encouraging, I mean we may be able t o  land spacecraft on these moons 

some day, and i t  i s  possible t h a t  we may f ind l i f e ,  or the precursors of 

l i fe ,  there. 

For example, the moon Io (which i s  larger  t h a n  our own Moon) appears 

t o  have a density 3.5 times the density of water. T h i s  means i t  i s  more 

dense than our Moon, b u t  not as dense as the Ear th .  

t o  be more than just a b i g  chunk of ice .  

rocky materials. The other large moons of Jupi ter ,  however, seem more 

l ike  b i g  chunks of ice.  

I t  means t h a t  i t  has 

I t  appears t o  be made up of 

Moreover, Pioneer discovered tha t  Io has an ionosphere, and thus 

a l so  an atmosphere, b u t  apparently a. very thin one. 
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Io i s  a f a s t  t rave l le r .  I t  completes a revolution around Jupi ter  in 

less than two Earth days. 

appeared brighter for  a while a f t e r  emerging from Jup i t e r ' s  shadow. 

i t  is  believed t h a t  the ammonia gas in I o ' s  atmosphere f a l l s  o u t  as ''snow'' 

when Io i s  on the dark side o f  Jupiter.  

l igh t  this  ammonia "snow" glows brightly until  i t  i s  warnied and returns 

t o  the atmosphere. 

Astronomers noted years ago t h a t  i t  always 

Now 

When Io comes back into the s u n -  

These are just some of the strange things we are learning about  the 

g i a n t  planet and i t s  moons. 



12 - 

Planetary Theories 

Learning more about  a l l  the planets,  as we are now doing, does n o t  

immediately lead t o  simple and agreed upon explanations of how the Solar 

System was formed. 

ra ises  four o r  f ive new questions. 

We get  the answer t o  one question and t h a t  just 

B u t  tha t  i s  the way science works. 

Jupi te r  i s  especially interest ing t o  us because i t  i s  so  d i f fe ren t  

from Mars and Venus and Earth. I t  i s  much more l ike  the Sun than l ike  

Earth. I t  is made of Sun-like materials,  n o t  Earth-like materials.  

In f ac t ,  i t  now appears tha t  Jupi ter  i s  a sor t  of second Sun t h a t  

never qui te  made i t .  Even .so i t  radiates 2 1/2 times as much energy as 

i t  receives from the Sun.  

Jupi ter  i s  huge, 

almost 300 times the mass (or weight) o f  Earth. 

I t  has 11 times the diameter of the Ea r th ,  and 

If  Jupi te r  had been about  

three times as large i n  diameter as i t  i s ,  i t  could indeed have become a 

second Sun ,  w i t h  atomic processes l ike  those o f  our S u n ,  and a l l  that. 

Then Jupi ter  would have appeared brighter t o  us than our Moon, b u t  n o t  

nearly so bright as the Sun, because of i t s  smaller s ize  and much greater 

distance from Earth. Two-star solar  systems are no t  uncommon elsewhere 

i n  the universe. 

i n  our own Solar  System. 

I t  would have been interest ing t o  have had two Suns here 

I t ' s  t o o  bad Jupi te r  d idn ' t  make i t .  
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Speculation has also increased on why Jupi ter  i s  so  d i f fe ren t  from 

Earth, Mars, and Venus. 

Jupi ter  and the other Outer Planets are the "normal" ones, so t o  speak, 

One theory which has been advanced i s  tha t  

and Earth, Mars, and Venus the "funny" ones. In other words, Jupi te r  

and the other Outer Planets were formed from the same material as the 

Sun ,  b u t  Earth, Mars, and Venus are  leftovers from some other s t a r  t h a t  

exploded eons ago. According t o  this theory, we don ' t  even belong t o  

the S u n ,  except by adoption. We are foreigners as f a r  as our Sun is 

concerned. 
+ 
An opposing theory is  tha t  a l l  the planets rea l ly  do belong t o  our 

Sun.  

materials, l ike  Ea r th ,  Mars, and Venus, were formed close t o  the Sun. 

Those made chiefly o f  the very l i gh t  elements, hydrogen and helium, 

When the Solar System was formed, the planets made of heavier 

were formed much fur ther  out i n  the Solar System and became the Outer 

Planets. 

I am over-simplifying these theories,  of course, b u t  you can see 

tha t  exploration of the planets does b r i n g  up  interest ing and fundamental 

questions f o r  the mind of modern man t o  grapple w i t h .  
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Outer Planets: Pioneer 11 

We have a sister s h i p  o f  Pioneer 10 on the way t o  Jupi ter  now. T h i s  

is Pioneer 11, which has been underway since April 6 of las t  year and will 

pass Jupi ter  on December 5 of this year. 

We have an interest ing option i n  case of Pioneer 11. If we decide we 

can safely send i t  much closer t o  Jupi ter  than Pioneer 10 went, then i t  can 

pick up extra momentum and head off a t  the r i g h t  speed and i n  the r i g h t  

direction t o  pass f a i r l y  close t o  Saturn i n  1979. This is a decision we 

are  s t i l l  working on. 

Outer Planets: Mariner Jupiter/Saturn 1977 

Our next spacecraft t o  v i s i t  the Outer Planets, a f t e r  Pioneer 10 and 

11, will be two larger Mariner-type c r a f t ,  which will  be launched toward 

both Jupiter and Saturn in 1977. These Mariner spacecraft will weigh about 

1650 pounds each, compared w i t h  only 570 pounds f o r  Pioneers 10 and 11. 

They will pass a t  a considerable distance from Jupi te r  (more than 200,000 

miles) b u t  will come w i t h i n  about 72,000 miles of Saturn. 

e f f o r t  will be made t o  learn more about Saturn's  rings and about  the moons 

of Saturn including the b i g  one named T i t a n ,  which appears t o  be one o f  the 

most interesting bodies i n  the Solar System. A t  l e a s t  i t  appears t o  have a 

substantial atmosphere and atmospheric temperatures which m i g h t  make i t  w h a t  

has been called ''a place t o  study prebiologfcal organic evolution". These 

two Mariners will have t o  travel through space f o r  3 1/2 years before they 

pass Saturn. Since they are scheduled for  launch in 1977, t ha t  means they 

will reach Saturn i n  1980 and 1981. 

An especial 

2 
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Planetary exploration takes patience. I t  cannot a l l  be done i n  one 

b ig  push ,  l i ke  the Apollo program t o  land on the Moon. We have t o  move 

step by step,  decade by decade. B u t  even so, a great  deal will be 

learned, and many exciting voyages will be made, d u r i n g  the l ifetimes 

o f  you young people here today. 
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Outer Planets -- Tentative Plans -- -- 

So f a r  I have been talking about presently approved programs f o r  

explor ing the Outer Planets. Now l e t ' s  take a look  a t  the tentat ive 

plans fo r  exploring the Outer Planets through 1991 (according t o  the 

1973 NASA Payload Model I mentioned e a r l i e r ) .  

C o n t i n u i n g  our present l i ne  of attack we m i g h t  launch as many as 10 

Mariner or Pioneer spacecraft t o  the Outer Planets i n  the 1980s, including 

flybys of Uranus and Neptune, probes i n t o  the atmospheres of Jupi te r ,  

Uranus, and Saturn,  and orbiters around Jupiter and Sa turn .  And i n  1990 

and 1991 we m i g h t  send two very heavy spacecraft weighing 21,000 pounds 

each to  o rb i t  one o f  Jup i t e r ' s  moons a t  an a l t i t ude  of only 55 miles, 

and land an instrument package, including a TV camera, on this Jovian 

moon. 

T h a t  takes us through 1991. Today's college students will be r u n n i n g  

the country by then, and you can make the decisions what t o  do next. 
c 



Inner Planets -- Venus and Mercury 

Now l e t ' s  come back from the Outer Planets and take a look a t  the 

Mariner 10 spacecraft we have headed i n  the other direct ion,  i n  toward 

the innermost planet, Mercury. 

Mariner 10 weighs about 1,100 pounds, or twice as much a s  Pioneer 

10. 

Mariner 10 passed Venus two weeks ago (on February 5) and used the 

gravity puil of t h a t  planet t o  send i t  on toward Mercury. 

f i rs t  spacecraft t o  use this k ind  o f  gravi ty-assis t  and a l so  the f i r s t  

t o  head for  Mercury. 

I t  i s  the 

(Note: Update w i t h  results o f  Venus encounter and prospects for 

Mercury encounter and return t o  Mercury a f t e r  six months.) 

Next page is 18 A 



Inner Planets -- Pioneer Venus 1978 

Our new Budget, which the President announced e a r l i e r  this month, 

c a l l s  fo r  two new Pioneer spacecraft t o  be sent  t o  Venus i n  1978. These 

Pioneers will weigh about 1,500 pounds. 

One will send entry probes i n t o  the Venus atmosphere a t  four d i f fe ren t  

locations t o  measure i t s  compos t-ion and g loba l  dynamics. These probes 

will be designed to  survive u n t  1 they reach the surface,  b u t  not necessarily 

on the surface. The second spacecraft will o r b i t  Venus t o  study the 

charac te r i s t ics  o f  the atmosphere and the i r  temporal changes. 

T h i s  i s  a project which has had a top s c i e n t i f i c  pr ior i ty  a s  the next 

new step i n  planetary exploration. 

global dynamics of the atmosphere o f  Venus, w h i c h  i s  I00 times denser than 

the Earth i s ,  will give a bet ter  understanding b o t h  of Venus and of the 

forces tha t  drive the Earth's atmosphere, meteorology, and climatology. 

Detailed study of the composition and 

The Pioneer Venus missions s t i l l  have t o  be approved by Congress. c 

Next page i s  18 B 
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Inner Planets -- Tentative Plans 

According 

o r b i t  Venus a t  

By 1985 we may 

various 1 eve1 s 

TV cameras and 

cameras is  sti 

t o  ten ta t ive  plans, by 1983 we may send two spacecraft  t o  

a low a l t i t ude  of 270 miles and map the surface by radar. 

send two spacecraft  t o  f l o a t  i n  the Venus atmosphere a t  

and by 1989 we may send a Large Lander t o  Venus t o  take 

other instruments t o  the surface,  The f e a s i b i l i t y  of TV 

1 uncertain. Any payloads t o  land on Venus will have t o  

be very careful ly  designed, because the surface temperatures a re  on the 

order o f  800 degrees Fahrenheit, or h o t  enough t o  melt lead. 

Again according t o  ten ta t ive  plans, we may return t o  Mercury i n  1987 

would o r b i t  this Sun-scorched planet. 

a r  o r b i t  a t  270 miles a l t i t ude ,  and the other 

o r b i t  coming w i t h i n  110 miles of the surface. 

One space- w i t h  two spacecraft  which 

craft  would be i n  a circu 

would be i n  an e l l i p t i c a l  
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Mars -- V i k i n g  1975 

Now l e t  us t u r n  t o  what I t h i n k  will  be our most excit ing and most 

s ign i f icant  planetary missions i n  this decade. 

These are two f l ights  by large advanced Viking spacecraft  t o  o r b i t  

and land on Mars. They will be launched next year and land i n  1976. 

The Vik ing  spacecraft  weigh 8,100 pounds. 

Each Viking  consis ts  of two major par t s  -- an Orbiter and a Lander. 

While the Orbiters relay cornmunications.with Earth and gather other data ,  

the Landers will touch down s o f t l y  on the Martian surface,  transmit TV 

pictures, and deploy instruments t o  search f o r  evidence o f  ex t r a t e r r e s t r i a l  

l i f e .  

t 
I 
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I t  just sc happens t h a t  the ce les t ia l  mechanics involved, and the 

scheduling dictated by budgetary considerations, will  permit one o f  the 

Vikings t o  land on Mars on o r  about  the Fourth of July 1976, on the 

200th anniversary of American independence. 

We hope our V i k i n g  landers will be the f i r s t  to  discover uncontestable 

evidence of l i f e  elsewhere i n  the Solar System. 

the Russians. 

B u t  this honor may go t o  

As you probably know, the favorable opportunities t o  send spacecraft 

t o  Mars come a t  abou t  two-year intervals .  We have passed u p  the opportunity 

to  launch spacecraft t o  Mars this year,  b u t  the Russians have not. The 

Soviet Union now has four spacecraft enroute to  Mars. 

arrive i n  February and early March. 

They are  due t o  

(Note : update as necessary. ) 

. .. 
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We don't  know exactly what instruments the Russians are  g o i n g  t o  

land on Mars. 

pictures.  

ment such as we expect t o  land on Mars i n  1976. 

They will undoubtedly have imaging equipment t o  send back 

I t  i s  very unlikely tha t  they will have l i f e  detection equip-  

Unless there a re  l i f e  forms on Mars b i g  enough to  be seen i n  the 

Russian TV pictures,  i t  i s  unlikely tha t  we will know before 1976 whether 

there i s  l i f e  there or not. 

However, i f  the Russians a re  successful on the i r  current missions, 

they should be able t o  obtain the f i r s t  detailed pictures of what the 

surface o f  Mars looks l ike .  . .  

From our Mariner 9 pictures, which were taken from Mars o r b i t ,  we 

know only the gross features:  the canyons, the r iver  beds, the polar ice  

caps, the volcanos, and features of t ha t  so r t .  We don ' t  know how b i g  the 

rocks a re ,  we don't  know if  there a re  any strange geological formations, 

and of course we don ' t  know i f  there a re  any sizeable l i f e  specimens. 

B u t  these a re  the t h i n g s  we may learn from the Russian images if  they 

a re  successful. 

Our Viking Landers i n  1976 will carry very high resolution cameras 

p l u s  good biological detecting systems, so we will be able t o  t e l l  whether 

there is any l i v i n g  material i n  the so i l  near the spacecraft ,  and a l so  

whether there has been any living material i n  the recent past. 

I 
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Moreover, we will be landing i n  regions o f  Mars which a r e  much more 

l ike ly  t o  suppor t  l i f e  t h a n  the regions the Russians have chosen t o  land 

i n  this year. 

most interesting geologically, b u t  less interesting biologically. 

The Russians have chosen the landing places t h a t  appear 

We will be landing, fo r  example, i n  the northern par t  o f  Mars (45' N )  

about 20 degrees from the edge o f  the north polar cap. We t h i n k  there i s  

water ice  i n  the polar caps of Mars and we would expect t o  find the l i f e  

forms where the water i s ,  or has been. T h a t  i s ,  of course, i f  the l i f e  

forms on Mars a re  the same as  we know on Earth. 

Our other landing will be a t  the mouth o f  w h a t  appear t o  have been 

r iver  beds, i n  the expectation tha t  water flowing i n  the p a s t  may have 

deposited elemental organisms o f  one k i n d  or another i n  the so i l  a t  this 

point . 



Tentative Mars Missions 

We have no approved Mars missions beyond the Viking landings i n  1976. 

B u t  according t o  ten ta t ive  plans (as  se t  fo r th  i n  the 1973 NASA Payload 

Model) we may 

-- launch another Vik ing  t o  Mars i n  1979, 

-- two new spacecraft  t o  b r i n g  back surface samples from Mars i n  

1984, 

-- and two similar spacecraft  t o  b r i n g  back samples from the two moons 

o f  Mars, Phobos and Deimos, i n  1990 and 1991. 

In case you a re  wondering, we have no plans a t  this time f o r  a manned 

landing on Mars. 

I hope I have already made c lear  one reason why we d o n ' t  have such 

plans.  There a re  so many preliminary missions of g rea t  s c i e n t i f i c  

importance to  be undertaken f i r s t  w i  t h  automated (unmanned) spacecraft  . 
These will keep us busy unt i l  the 199Os, a t  least .  A second reason i s  

the high cost. I will come back t o  this subject l a t e r  on. 

r' 



Tentative Plans f o r  Automated Moon Missions 

We have no approved plans t o  send e i t h e r  manned o r  automated space- 

c r a f t  back t o  the Moon. 

However, i n  our ten ta t ive  plans through 1991 we do consider sending 

e i g h t  autornated spacecraft t o  the Moon. 

These missions include : 

-- a Lunar Polar Orbiter i n  1979; 

-- two other Lunar Orbiters i n  the 1980s; 

-- two Lunar Rovers i n  the 1980s which would t ravel  as f a r  a s  60 miles 

during a year on the Moon; 

-- a so-called Lunar Halo S a t e l l i t e  which would assure communications 

w i t h  the hidden side of the Moon; 

-- and f i n a l l y ,  i n  1990 and 1991, two Lunar Rovers which could return 

samples t o  Earth from any po in t  on the Moon. To date ,  no samples 

have been returned from the hidden side of the Moon. 

Some day we will  surely want t o  consider the des i r ab i l i t y  of estab- 

l i s h i n g  one o r  more large manned s c i e n t i f i c  bases on the Moon, s imi la r  t o  

our s c i e n t i f i c  bases i n  the Antarctic. 

I will discuss this poss ib i l i ty  i n  greater  de ta i l  l a t e r  on. 



I should add here tha t  huridreds of s c i en t i s t s  i n  this country and 

abroad are s t i l l  working on the lunar samples b r o u g h t  back i n  the 

Apollo program. 

years t o  complete t h e i r  studies.  

I t  i s  estimated tha t  i t  will  take them more than 10 

We are also s t i l l  gett ing back useful data from some of the automated 

experiments tha t  each of the f ive  Apollo crews placed on the Moon. 

design l i f e  of these experiments was only one year, bl;t some have been 

The 

operating f o r  more than four years. 

These experiments have a nuclear power supply -- o r  t o  be more 

precise, radio isotope thermoelectric generators. (Pioneer 70 and 11 

carry simi 1 ar generators .) 

i 



The Importance o f  Investigating Comets 

The s c i e n t i f i c  community g i ves  h i g h  p r i o r i t y  t o  sending unmanned 

s p a c e c r a f t  o u t  t o  i n v e s t i g a t e  comets a t  c l o s e  range d u r i n g  t h e  n e x t  

two decades. 

Since comets -- o r  c e r t a i n l y  some comets -- come f rom o u t s i d e  t h e  

So la r  System, they  can g i v e  us v a l u a b l e  i n f o r m a t i o n  about i n t e r s t e l l a r  

space, t h e  v a s t  reg ions  between t h e  s t a r s .  They can a l s o  h e l p  us under- 

s tand how o t h e r  s t e l l a r  systems ( l i k e  our  S o l a r  System) a r e  formed. 

comets (and m e t e o r i t e s  which may be d e r i v e d  f rom comets) have been found 

t o  c o n t a i n  o rgan ic  molecules,  t hey  can a l s o  g i v e  us v a l u a b l e  c l u e s  as t o  

how l i f e  may a r i s e  throughout  t h e  un ive rse .  

S ince 

U n t i l  r e c e n t l y ,  we were n o t  a b l e  t o  l e a r n  much about comets. Now, 

f o r  t h e  f i r s t  t ime, we have t h e  technology t o  send o u r  i ns t rumen ts  o u t  

where t h e  comets a r e  and s tudy them a t  c l o s e  range. That i s  why t h e  

i d e a  o f  v i s i t i n g  comets, which may seem v e r y  s t range  t o  you, i s  an i d e a  

whose t ime  has come. 



Comet Kohoutek 

Comet Kohoutek has been a very valuable source o f  information to  

astronomers. 

and space exploration even though i t  was not b r i g h t  enough t o  be seen 

by many people. 

And i t  has served t o  stimulate public i n t e re s t  i n  comets 

I won't have time today to  go into what we learned about Comet 

Kohoutek, 

Solar System, from i n t e r s t e l l a r  space, 

molecules and organic molecules tha t  could be precursors of l i f e  forms. 

except t o  say tha t  i t  appears t o  have come from outside the 

And i t  does appear t o  contain 

Kohoutek is  t ravel l ing i n  an o rb i t  t ha t  will return i t  t o  the inner 

Solar System i n  about 75,000 years. 

B u t  of course we don ' t  have t o  wait f o r  i t .  There a re  other important 

comets tha t  we can study a t  close range from spacecraft d u r i n g  the next 

two decades. 

called short-period comets, which come around the Sun on schedule every 

few years. 

Although most people don ' t  know i t ,  there a re  some comets, 
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J \  Tentative Plans t o  Visit Comets 

Now l e t  us take a look a t  our tentat ive plans t o  v is i t  some comets. 

For example, i t  would be possible t o  launch a small spacecraft 

weighing about 1,000 pounds i n  1976 t o  take advantage of the opportunity 

t o  f l y  through the t a i l s  of two well-known short-period comets (well 

known t o  astrcnomers, t ha t  i s ) .  

will be able to  f l y  this mission. 

In 1979 a spacecraft weighing 4,500 pounds could be sent t o  make a 

I t  is a budgetary question whether we 

slow fly-by of the Comet Encke, coming w i t h i n  2,700 miles of the comet's 

nucleus. 

Comet Encke comes back around the Sun every 3.3 years,  so t h a t  we 

can make a se r ies  of close-up investigations of increasing d i f f i cu l ty .  

After the fly-by mission, a rendezvous mission will  be considered. 

I t  would permit the spacecraft t o  enter  the inner coma of Comet Encke 

and travel along w i t h  i t .  

the nucleus of the comet. 

head of the comet.) After the spacecraft has  made a close-up study of 

the nucleus, a landing  on the nucleus m i g h t  be attempted. 

(The coma i s  a nebulous mass which surrounds 

The coma and nucleus together make u p  the 
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The missions t o  Comet Encke are doubly important .  They will yield 

valuable information, and they will help us prepare f o r  the opportunity 

t o  make a fly-by close t o  the best known comet of them a l l ,  Halley's 

Comet, i n  1985. 

Halley's Comet comes back around the Sun about every 75 years. Each 

o f  i t s  appearances has been recorded since the year 240 B.C. When i t  

returns i n  1985 we will have our f i r s t  opportunity t o  examine i t  w i t h  a 

full  complement of modern instruments on the ground and i n  space. 

I t  i s  proposed t o  f l y  the Halley spacecraft w i t h i n  about 5,000 miles 

o f  the comet's nucleus. 

c 



Tentative Plans to  Visi t  Asteroids 

Asteroids a re  just as  important t o  v i s i t  as the planets. In f a c t ,  

they may t e l l  us more about how the Solar System was formed, and how l i f e  

began here, than the planets w i l l .  

T h e  Asteroid Belt i s  made u p  of thousands of large and small chunks 

o f  sol id  material which o r b i t  the Sun o u t  beyond the o r b i t  of Mars. 

Several asteroids are  larger than Ireland, f o r  example. 

I t  is n o t  known for  cer ta in  whether asteroids a re  the remnants of a 

primitive planet t ha t  broke u p ,  or whether they were the potential building 

blocks f o r  a planet t h a t  never got i t  a l l  together, as the saying goes. A 

t h i r d  theory i s  t ha t  some asteroids may be the nuclei o f  ancient comets. 

In any event, the s c i e n t i f i c  community gives a f a i r l y  h i g h  p r ior i ty  

t o  exploring asteroids now tha t  we have the technology t o  do so. 

According to  tentat ive plans, we could send two automated spacecraft 

t o  vis i t  asteroids i n  1986. 

data from very close range -- from distances measured in f e e t  ra ther  than 

miles. 

They could send back TV pictures and other 

I assume t h a t  some day we will want t o  send s c i e n t i s t s  t o  land on 

Such l and ings  would be re la t ive ly  easy t o  make because the asteroids. 

gravity forces t o  be overcome on landing and take-off would not be great.  

B u t  such landings a re  not i n  our ten ta t ive  schedule for the next two 

decades. 

... 

I 
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The Helios Program 

. 
I want t o  t e l l  you, too, about an important international cooperative 

e f f o r t  t o  explore i n  the Solar System. 

German sc i en t i s t s  a re  b u i l d i n g  two sophisticated tielios spacecraft 

to be launched by NASA into solar  o r b i t  qui te  close t o  the Sun .  By qui te  

close I mean . 3  of an astronomical u n i t ,  o r  about 28 million miles. That 

is  much closer than any spacecraft has come before. 

t h a n  the o r b i t  of Mercury, w h i c h  averages about 36 million miles from 

the Sun. 

outside the o rb i t  of Mercury. 

I t  i s  much closer 

Our Mariner 10 spacecraft now enroute t o  Mercury will remain 

The f i r s t  Helios spacecraft will be launched this year,  the second 

i n  1976. The Helios spacecraft weigh about 690 pounds each. 

The sc i en t i f i c  objects of the Helios program are  not t o  study the 

Sun I t s e l f  b u t  t o  investigate the properties o f ,  and the processes i n ,  

interplanetary space close to  the Sun. 

Seven of the 10 experiments aboard will be provided by German 

sc i en t i s t s  and three by NASA i n  cooperation w i t h  American, Australian, 

and Ita1 ian scientists. 

Helios is  an excellent example o f  how the costs and benefits  o f  space 

exploration can be shared on an international basis.  



The Quest for Extraterrestr ia l  Life 

To conclude my description of NASA’s plans, and hopes, for  exploring 

the Solar System, I would l i ke  t o  go a l i t t l e  deeper into one of the great  

s c i en t i f i c  and philosophical undertakings of our time: 

ex t ra te r res t r ia l  l i f e .  

the quest f o r  

I imagine this i s  the pa r t  o f  the space program which many of you 

f i n d  most interest ing.  

Personal Views - 

I will give you some personal views: 

1. There is  no hope of finding in te l l igent  l i f e  elsewhere in our 

Solar System. 

i s  concerned, we are  i t .  

I do think the chances are f a i r  t h a t  we will f ind primitive l i f e  

forms on Mars or other planets, 

or  i n  t he i r  atmospheres, 

or on t he i r  moons.‘ 
% t  ( C ,  ..- 
#h’kdiscovery will shed l i g h t  on how l i f e  arose on Earth. 

will strengthen our conviction t h a t  in te l l igent  l i f e  must e x i s t  

on the planets of mill ions,  or even b i l l ions ,  of other s t a r s  in 

the universe. 

As far as t h i s  particular corner of the universe 

2. 

3. I t  

i 



- The Search For Extraterrestr ia l  Life 

Personal Views (continued) 

4. Will we ever be able t o  v i s i t  other c iv i l iza t ions  i n  space, o r  

expect them t o  v i s i t  Ea r th?  

I doubt i t ,  i n  vfew of the great  distances involved. 

We simply do not know how t o  begin t o  build the kind o f  space- 

s h i p  t ha t  would be needed t o  reach even the nearest s t a r s .  

Maybe future generations o f  Earth men will  learn how t o  build such 

in t e r s t e l l a r  space ships. 

B u t  f i r s t  they will have t o  gain sweeping new i n s i g h t s  in to  the physical 

laws of the universe. 

elsewhere i n  the universe, future  generations of Earth men may hear about 

them on the intergalact ic  radio network, and save themselves a l o t  o f  time 

and trou bl e.  

5. 

If  there a re  such i v t e r s t e l l a r  spaceships i n  use 

A l t h o u g h  I am pessimistic about the chances o f  our t ravel l ing 

outside the Solar System, I believe the chances a re  very good 

tha t  we can communicate by radio w i t h  advanced c iv i l iza t ions  i n  

our Milky Way Galaxy or i n  the many b i l l ions  o f  other galaxies 

i n  the Universe. 

I f i n d  i t  quite easy to  believe t h a t  there must be many advanced 

c iv i l iza t ions  broadcasting i n  our direct ion -- not t o  us spec i f ica l ly ,  

b u t  i n  our direct ion.  
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The Search fo r  Extraterrestr ia l  Life 

Persona 1 V i  ews - (con t i nued ) 

I am a lso  sure tha t  we have the technology needed -- r i g h t  now -- 
t o  seriously search fo r  and eventually intercept such signals.  

My optimism i s  based on a serious study made recently w i t h  

support from NASA. 

exp l i c i t  directions f o r  se t t ing  u p  an intergalact ic  1 istening 

system, w i t h  present day technology. 

I t  i s  called Project Cyclops. I t  gives very 

I t  i s  simply a question of money, and therefore of p u b l i c  

i n t e re s t  . 
Such a l is tening system will probably be s e t  u p  by today's 

college students, when you a re  planning the programs and the 

budgets o f  the United States .  

I t ' s  something t o  t h i n k  about. 

NASA are  already deeply committed 

B u t  fo r  the present, we a t  

a )  

b)  

t o  exploring here a t  home i n  the Solar System 

and to  making more effect ive use of Earth o r b i t  f o r  science 

and practical benefits. 



The Importance of Earth Orbit 

Now I want t o  remind you, I have been talking about just  one par t  of 

the NASA program -- the exploration of the Solar System. 

A much bigger par t  o f  NASA's space work i n  the next two decades i s  

going to  be done closer t o  home, i n  Ear th  o r b i t .  

Looking a t  our tentat ive plans t h r u  1991, we find an average o f  three 

payloads per year going to  the Moon or planets, and 41 per year destined 

fo r  Earth o rb i t .  

That's a r a t i o  of 14 t o  1 i n  favor of Earth o r b i t .  

If we had more time, I would l i ke  very much t o  describe f o r  you the 

exciting and productive payloads we have planned f o r  Earth o r b i t  t h r u  1997. 

I will describe just one, the Large Space Telescope, because i t  f i t s  

i n  w i t h  our programs t o  explore the Solar System. The LST will be used 

primarily to  explore the Universe, and possibly to  see beyond the edge of 

the Universe. 

Sys tem. 

B u t  i t  will a l so  be trained on the planets o f  our  Solar 
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X'' ' \ <  .. Large Space Telescope 

The biggest telescopes we have on Earth today, such a s  the 200-inch 

telescope on Mount Palomar, can see about m e  b i l l ion  l i g h t  years into 

the Universe. 

That is a very long distance,  Almost beyond comprehension. When 

we look a t  anything t h a t  f a r  away i t  i s  already a b i l l ion  years older 

t h a n  what we see. 

B u t  the Large Space Telescope we plan t o  o r b i t  i n  1980 will  enable 

us t o  see 10 t-imes fur ther  o r  a distance o f  10 b i l l ion  l i g h t  years. 

I f  present estimates of the s i ze  o f  the Universe are  cor rec t ,  i t  does 

not extend out t ha t  f a r .  

where theoret ical ly  there is  nothing . 
So we will see beyond the edge o f  the Universe, 

O f  course, i f  we do see something 10 b i l l ion  l i g h t  years away w i t h  

the Large Space Telescope, then our present concepts o f  the Universe will 

have to  be dras t ica l ly  revised. 

The LST spacecraft will weigh about 11 tons. I t s  mirror will be 120 

inches i n  diameter. That i's smaller, of course, than the 200-inch mirror 

a t  Mount Palomar, b u t  the LST will have the tremendous advantage of being 

above the Earth's atmosphere. 

s ignif icant  advantage because i t  eliminates the d is tor t ions  caused by 

the stresses and s t r a ins  o f  gravity on Earth-based telescope structures 

and optics. 

Operating i n  zero gravity is a l so  a 



The LST will produce images and spectrographs o f  the planets,  s t a r s ,  

nebulae, and galaxies. I t  will measure the s t ructure  o f  quasars and 

perhaps give us an understanding of how they produce such vast amounts 

of energy: By comparison with quasars, our Sun i s  quite puny. Wi th  a l l  

t h a t  we have learned about the atomic processes o f  the S u n ,  we s t i l l  do 

not know how quasars work. Their energy producing processes a re  beyond 

our comprehension. Modern physics cannot explain them. 

The LST will a l so  study the s t a t e  of i n t e r s t e l l a r  and  in te rga l lac t ic  

matter -- the matter from which new s t a r  systems appear t o  be made. Indeed, 

w i t h  the LST we should be able t o  witness quite c lear ly  the b i r t h  o f  s t a r s ,  

t he i r  evolution, and t he i r  death. 

The LST will a lso look closely a t  the very dense neutron s t a r s  and 

the so-called Black Holes, which represent the ultimate collapse o f  s t e l l a r  

matter. In Black Holes, as you probably know, the gravity forces a re  so 

intense t h a t  even l i g h t  cannot escape. 
c 

Our f i r s t  LST will be orbited by the Space S h u t t l e  i n  1980, according 

to  tentat ive plans. 

1982, and brought back to  Earth for refurbishing and re-launch i n  1983. 

I t  will be revis i ted by Shut t le  crews i n  1981 and 
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Other astronomical payloads i n  Earth o rb i t  in the 1980s w i l l  be High 

Energy Astronomical Observatories, Large Solar Observatories, Large Radio 

Astronomy Observatories, and Focusing X-Ray Telescopes. 

These large spacecraft, unmanned b u t  serviced by the Space Shut t le ,  

should enable us t o  make unprecedented g a i n s  i n  understanding the Universe 

over the next two decades. 

I t h i n k  i t  very important t ha t  univers i t ies  be able to  t e l l  this s tory 

i n  dramatic fashion t o  t h e i r  students and other citizens as the s tory 

unfolds. The LST will t ru ly  make the next decade a new Age of Discovery. 

. 
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EXPLORING THE SOLAR SYSTEM -- 1974 THRU 1991 

and 

THE SEARCH FOR EXTRATERRESTRIAL LIFE 

I n t r o d u c t i o n  

The Nat iona l  Aeronaut ics  and Space A d m i n i s t r a t i o n  has a s t rong,  

r e a l i s t i c ,  and h i g h l y  reward ing n a t i o n a l  space e f f o r t  planned f o r  t h i s  

decade and the  nex t .  

Our c u r r e n t  programs a r e  work ing o u t  ve ry  w e l l .  We have had some 
, 

no tab le  successes. Here a r e  some examples : 

-- Skylab, America’s f i r s t  space s t a t i o n  and Man’s f i r s t  home i n  

space, has been an ou ts tand ing  achievement. 

-- Pioneer 10 s t i r r e d  t h e  imag ina t ions  o f  m i l l i o n s  o f  people around 

the  wor ld  as i t  passed c l o s e  t o  t h e  g i a n t  p l a n e t  J u p i t e r  i n  

December. 

-- Mar iner  10 has passed Venus and w i l l  f l y  by t h e  innermost p l a n e t  

Mercury on March 29. 
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-- Our most ambitious sc i en t i f i c  s a t e l l i t e  t o  date ,  the O r b i t i n g  

Astronomical Observatory named for Copernicus (OAO-3) has produced 

evidence of the existence o f  a Black Hole here i n  our own Milky 

Way Galaxy. 

-- Our f i r s t  Earth Resources Technology S a t e l l i t e ,  ERTS-1 , has 

proved t o  be a valuable new tool t o  help manage the world's 

resources and protect the environment. 

-- The worldwide e f f o r t  t o  study Comet Kohoutek, which NASA helped 

t o  coordinate, has produced valuable resu l t s  and s t i r red  public 

in te res t  i n  comets, even i f  Kohoutek was not seen by very many 

people. 

These current achievements give you some idea of the broad range of 

NASA's ac t iv i t i e s  today -- a c t i v i t i e s  which range through the spectrum of 

modern sc ien t i f ic  endeavor, from measuring the dr i f t ing  apart o f  the 

continents a t  about one inch per year t o  searching fo r  l i f e  elsewhere i n  

the solar sys tem . 
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1973 NASA Payload Model 

We have recently completed an important new planning exercise a t  NASA. 

We have drawn u p  a document we ca l l  the 1973 NASA Payload Model which shows 

w i t h  some precision the number of payloads, and the k i n d s  o f  payloads, we 

migh t  reasonably expect t o  send t o  Earth o r b i t  and f a r the r  out in to  the 

so la r  system each year from now through 1991. 

Our planning t h a t  f a r  ahead i s  s t i l l  qui te  tentative,  as i t  should be, 

b u t  I can s t i l l  give you a good idea of the shape o f  the future i n  space 

through 1991. 

the NASA payload model I am talking about assumes a level o f  expenditures 

a t  about the current level -- t h a t  i s ,  around $3.2 o r  $3.3 b i l l i on  dol lars  

And we have been qui te  r e a l i s t i c  about the cos t ,  because 

per year, adjusted as necessary f o r  in f la t ion .  
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S i x  Major Areas of  NASA Activity 

To h e l p  o r g a n i z e  my remarks today ,  I would l ike t o  i d e n t i f y  s i x  major  

a r e a s  of NASA a c t i v i t y .  

want you t o  know abou t  each o f  them. 

We won ' t  have time t o  d i s c u s s  them a l l ,  b u t  I do 

One. We w i  11 c o n t i n u e  t o  e x p l o r e  throughout  the S o l a r  System w i t h  

automated s p a c e c r a f t  ( t h a t  i s ,  unmanned s p a c e c r a f t ) ;  and one 

o f  the main aims of this e x p l o r a t i o n  w i l l  be t o  f i n d  evidence 

of e x t r a t e r r e s t r i a l  l i f e ,  o r  a t  l e a s t  a be t te r  unders tanding  

fe  a r o s e  on E a r t h .  o f  how 1 

Two, Ne will  

o f  these 

ntensify o u r  use of s p a c e c r a f t  i n  Ea r th  o r b i t .  

s p a c e c r a f t  will look back a t  Earth and some will s t u d y  

Some 

the Sun o r  look f a r  o u t  i n t o  the Universe. Some w i l l  seek 

s c i e n t i f i c  i n f o r m a t i o n ,  some will  produce p r a c t i c a l  benefits. 

Three. During the remainder o f  th'is decade we wil l  c o n c e n t r a t e  much of 

o u r  e f f o r t  on developing  the Space S h u t t l e  t r a n s p o r t a t i o n  system, 

w h i c h  i s  a better and cheaper  way o f  g e t t i n g  manned and automated 

payloads t o  Ear th  o r b i t  and back. 

w i t h  a g roup  o f  nine European c o u n t r i e s  which i s  developing  a 

manned Space lab  module t o  be c a r r i e d  t o  o r b i t  and back i n  the 

Space S h u t t l e .  

' We will a l s o  be working c l o s e l y  



5 

Four. I n  a d d i t i o n  t o  deve lop ing  t h e  Space S h u t t l e  i n  t h l s  decade, we 

a re  p lann ing  and developing t h e  improved payloads f o r  t h e  S h u t t l e  

t o  launch and s e r v i c e  i n  t h e  1980s and 1990s. 

i n c l u d e  l a r g e  automated obse rva to r ies  and a wide range o f  e x p e r i -  

ments and p r a c t i c a l  tasks  t o  be performed i n  t h e  manned Spacelab 

module. 

These payloads w i l l  

F i ve .  NASA has a s t r o n g  program i n  ae ronau t i ca l  research t o  h e l p  meet 

n a t i o n a l  needs i n  t h i s  impor tan t  f i e l d .  Our main r e s p o n s i b i l i t y  

i s  t o  h e l p  i d e n t i f y  and meet t h e  research needs o f  c i v i l  a v i a t i o n ,  

b u t  we a l s o  work c l o s e l y  w i t h  t h e  m i l i t a r y  se rv i ces .  

S ix .  We a l s o  have a number o f  programs t o  demonstrate how new technology 

developed i n  t h e  space program can be used t o  meet n a t i o n a l  needs 

ou ts ide  t h e  aerospace f i e l d .  

deal  about how s o l a r  energy cdn be harnessed o r  how hydrogen can 

be used as a f u e l .  

For example, we a l ready  know a g r e a t  
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For a number of reasons, I have chosen t o  concentrate today on 

exploring throughout the Sol ar Sys tern and the search for ex t ra te r res t r i  a1 

l i f e .  

F i r s t .  

Second. 

T h i  r d .  

I have found  these are subjects o f  especial i n t e re s t  t o  

university audiences. 

Our ef for t s  to  explore the planets a n d  study comets are 

prJducing interesting resul ts  a t  t he  present time. 

We need broader public understanding o f  the reasons f o r  

exploring the planets, and universit ies are certainly one 

o f  the key places i n  our  society where th i s  understanding 

should be generated. 
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Outer P lanets :  P ioneer  10 

L e t ' s  s t a r t  w i t h  the  Outer P lanets ,  and t h e  remarkable voyage o f  

P ioneer  10. 

Pioneer 10 has t r a v e l l e d  f a r t h e r  f rom t h e  Ear th  and f l own  f a s t e r  

than any o the r  man-made ob jec t .  

32,000 m les per  hour .  That i s  why we were a l ready  15 years  i n t o  the  

Space Ag. before the  f i r s t  voyage t o  t h e  Outer P lanets  was at tempted. 

I t s  speed a t  launch had t o  be more than 

S i g n i f i c a n t  advances had t o  be made i n  spacecra f t  and r o c k e t  technology 

and space communications be fore  a spacec ra f t  l i k e  Pioneer  10 cou ld  be 

1 aunched. 

For example, i t  f l i e s  so f a r  f rom t h e  Sun t h a t  i t  cannot r e l y  on the  

It i s  s o l a r  c e l l s  used t o  p rov ide  e l e c t r i c a l  power f o r  o t h e r  spacecra f t .  

the f i r s t  NASA spacecra f t  t o  r e l y  s o l e l y  on nuc lea r  energy f o r  t he  e lec -  

t r i c a l  power needed f o r  i t s  communications equipment and o t h e r  ins t ruments .  

Th is  smal l  spacecra f t ,  weighing o n l y  570 pounds, passed J u p i t e r  

e x a c t l y  on t a r g e t ,  w i t h  a l l  ins t ruments working, a f t e r  a voyage of 641 

days and more than 500 m i  11 i o n  m i  1 es . 
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It n o t  on l y  passed J u p i t e r  on t a r g e t ,  i t s  a r r i v a l  was so p r e c i s e l y  

timed, w i t h i n  a minute o r  two, t h a t  i t  passed behind one of t h e  moons o f  

J u p i t e r  -- the moon I o  -- f o r  impor tan t  o c c u l t a t i o n  observa t ions .  

Moreover, Pioneer 10 s a i l e d  through t h e  i n tense  r a d i a t i o n  zones o f  

J u p i t e r  w i t h o u t  s i g n i f i c a n t  damage. The r a d i a t i o n  was s t ronger  than 

t came expected, P ioneer 's  marg in o f  s u r v i  Val was apparent ly  smal l ,  b u t  

through w i th  f l y i n g  c o l o r s .  

The g r a v i t y  o f  J u p i t e r  increased P ioneer 's  speed t o  82,000 m l e s  pe r  

hour.  Th is  speed w i l l  pe rm i t  i t  t o  escape t h e  Sun's g r a v i t y  and s a i l  on 

through i n t e r p l a n e t a r y  space u n t i l  i t  i s  captured by the  g r a v i t y  o f  some 

d i s t a n t  s t a r .  

Pioneer 10 i s  s t i l l  r e p o r t i n g  on t h e  i n t e r p l a n e t a r y  environment. We 

expect  t o  keep i n  touch w i t h  i t  u n t i l  i t  passes the  o r b i t  o f  Uranus some 

t ime i n  1979. By then i t  w i l l  be n e a r l y  two b i l l i o n  m i l e s  from Ear th .  

Sending r a d i o  commands t o  Pioneer and g e t t i n g  back c o l o r  images o f  

J u p i t e r  and data f rom the  10 o t h e r  major  s c i e n t i f i c  ins t ruments  aboard 

has been a tremendous communications achievement. 
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Keep in mind t h a t  Pioneer's antenna must always be pointed toward 

Earth for  successful communications .' 
Keep in mind t h a t  Jup i te r ' s  radio transinitter draws only  eight watts 

of power t o  begin with, and t h a t  these signals are  weakened to  only a tiny 

fraction of a w a t t  by the time they reach Ear th .  

the audience, th i s  t iny fraction of a w a t t  i s  10-l' o r  l e s s .  

quadrillionth o r  less . ]  

[For the engineers in 

That's one 

Keep in mind t h a t  these infinitesimal signals must be picked u p  by 

one of NASA's  three big-dish antennas i n  California, Spain, o r  Australia, 

separated from a l l  the radio noise of space, and amplified t o  readable 

strength. 

Then consider t h a t  some of these s ignals ,  when enhanced t h r o u g h  a 

special computer process a t  the University of Arizona, have produced color 

images o f  Jupi ter  with s ignif icant ly  more detai l  t h a n  can be seen t h r o u g h  

the best telescopes on Ear th ,  and you will see why I consider Pioneer 10 

one o f  the most remarkable creations o f  the Space Age. 
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What have we learned from Pioneer lo? 

Articles are beginning t o  appear i n  the scholarly journals. The 

magazine Science for  January 25 had  a good preliminary round-up of resu l t s .  

Further disclosures will be made a t  a comprehensive press briefing a t  NASA 

Headquarters in Apri 1 .  

When a l l  the result!; are i n ,  we are  going to  know a great deal more 

about Jupi ter  a n d  i t s  moons t h a n  we did before, and i t  i s  l ikely we will 

also know much more a b o u t  how Jupi ter  and the other planets of the Solar 

System were formed. 

One of the f i r s t  important findings of Pioneer 10 has been t h a t  the 

Asteroid Belt i s  n o t  a s ignif icant  hazard t o  navigation. 

early fears on th i s  subject,  we are def ini te ly  n o t  walled in from the 

Outer Planets. 

border of the Solar System gives us an expanding view of where we l ive  and  

w h a t  our environment i s .  I believe i t  i s  going t o  become quite natural ,  

in the years ahead, t o  t h i n k  of our:elves as inhabitants of the Solar 

System, rather t h a n  j u s t  of Ear th .  

Despite some 

This finding and Pioneer's continued f l i g h t  toward the 
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We have a l s o  rece ived some encouraging news about t h e  r a d i a t i o n  b e l t  

around J u p i t e r .  

Van A l l e n  B e l t s  around the  Ear th .  But t he  J u p i t e r  r a d i a t i o n  b e l t  has a 

s t range shape. 

J u p i t e r  i n  the  doughnut 's ho le .  

spacecra f t  q u i t e  c lose  t o  J u p i t e r ,  r e l a t i v e l y  speaking, w i t h o u t  pass ing 

through, o r  spending much t ime i n ,  . t h i s  deadly r a d i a t i o n  b e l t .  

t i f i c  reasons, Pioneer 10 was sent  through t h e  h e a r t  o f  t h e  r a d i a t i o n  b e l t .  

The r a d i a t i o n  t h e r e  i s  much more i n tense  than i n  the  

It i s  l i k e  a t h i n  d i s c ,  o r  a f l a t t e n e d  out-doughnut, w i t h  

Th is  i n d i c a t e s  i t  may be p o s s i b l e  t o  send 

For  sc ien-  

,We have a l s o  found t h a t  J u p i t e r  has a magnet ic f i e l d  20 t imes as 

s t rong as E a r t h ' s ,  and t h a t  he l ium i s  an impor tan t  element i n  J u p i t e r ' s  

make-up. 

There i s  a l s o  encouraging news about the  f o u r  l a r g e  moons o f  J u p i t e r .  

By encouraging, I mean we may be ab le  t o  l a n d  spacecraf t  on these moons 

some day, and i t  i s  poss ib l r ,  t h a t  we may f i n d  l i f e ,  o r  t h e  precursors  of 

l i f e ,  t he re .  
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For example, the moon I o  (which i s  larger t h a n  our own Moon) appears 

t o  have a density 3.5 times the density of water. 

dense t h a n  our Moon, b u t  not as dense as the Ear th .  

t o  be more t h a n  j u s t  a big chunk o f  i ce .  

rocky materials. 

l ike  big chunks o f  i ce .  

This means i t  i s  more 

I t  means t h a t  i t  h a s  

I t  appears t o  be made u p  o f  

The other large moons of Jupi te r ,  however, seem more 

Moreover, Pioneer discovered t h a t  I o  has an ionosphere, and thus 

also an atmosphere, b u t  apparently a very thin one. 

Io  i s  a f a s t  t rave l le r .  I t  completes a revolution around Jupi ter  in 

less t h a n  two E a r t h  days. 

appeared brighter fo r  a while a f t e r  emerging from Jup i t e r ' s  shadow. 

i t  i s  believed t h a t  t h e  ammonia gas in I o ' s  atmosphere f a l l s  o u t  as "snow" 

when I o  i s  on the d a r k  side of Jupiter.  

l ight  this  ammonia ''snow'' glows brightly until  i t  i s  warmed and returns 

t o  the atmosphere. 

Astronomers noted years ago t h a t  i t  always 

Now 

When Io  comes back into the sun- 

These are  j u s t  some o f  the strange things we are learning a b o u t  the 

giant planet and  i t s  moons. 
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Planetary Theories 

Learning more about a l l  the planets, as we are now d o i n g ,  does n o t  

immediately lead to  simple and agreed upon explanations o f  how the Solar 

System was formed. 

raises four or f ive  new questions. 

We get the answer t o  one question and t h a t  j u s t  

B u t  t h a t  i s  the way science works. 

Jupiter i s  especially interesting t o  us because i t  i s  so different  

from Mars and Venus and Ear th .  I t  i s  much more l ike  the Sun t h a n  l ike  

Ear th .  I t  i s  made of Sun-like materials,  n o t  Earth-like materials. 

I n  f a c t ,  i t  now appears t h a t  Jupi ter  i s  a sort o f  second S u n  t h a t  

never quite made i t .  Even so i t  radiates 2 1 / 2  times as much energy a s  

i t  receives from the S u n .  

Jupiter i s  huge. 

almost 300 times the mass (or weight) o f  Ear th .  

three times as large i n  diameter as i t  i s ,  i t  could indeed have become a 

second Sun ,  w i t h  atomic processes l ike  those o f  our  S u n .  

would have appeared brighter t o  us t h a n  our  Moon, b u t  n o t  nearly so bright 

as the S u n ,  because o f  i t s  smaller s ize  and much greater distance f rom 

I t  has 11 times the diameter of the E a r t h ,  and  

If Jupi ter  had been abou t  

Then Jupi ter  

E a r t h .  

I t  would have been interesting t o  have had two Suns here in o u r  own Solar 

System. 

Two-star solar  systems are n o t  uncommon elsewhere in the universe. 

I t ' s  t o o  bad Jupiter d idn ' t  make i t .  
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Speculation has also increased on why Jupi ter  i s  so different  from 

Ear th ,  Mars, and Venus. One theory which has been advanced i s  t h a t  

Jupi ter  and the other Outer Planets are the "normal" ones , sc  t;, speak, 

and E a r t h ,  Mars, and Venus the "funny" ones. In other words, Jupiter 

and the other Outer Planets were formed from the same material as the 

S u n ,  b u t  Ear th ,  Mars, and Venus are leftovers from some other s t a r  t h a t  

exploded eons ago. 

the S u n ,  except by adoption. 

concerned. 

According t o  t h i s  theory, we don ' t  even beiong t o  

We are foreigners as f a r  as our S ~ I  I S  

An opposing theory i s  t h a t  a l l  the planets really do belong t o  our  

S u n .  

materials,  1 ike Ear th ,  Mars, and Venus, were formed close t o  the S u n .  

Those made chiefly of the very l igh t  elements, hydrogen and helium, 

were formed much fur ther  out i n  the Solar System and became the Outer 

Planets. 

When the Solar System was formed, the planets made of heavier 

I am over-simplifying these theories,  of course, b u t  you can see 

t h a t  exploration o f  the planets does b r i n g  u p  interesting and fundamental 

questions fo r  the mind of modern man to  grapple with. 
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Outer Planets: Pioneer 11 

We have a sister, s h i p  of Pioneer 10 on the way t o  Jupi te r  now. This 

i s  Pioneer 11, which has been underway since April 6 of l a s t  year and w i  11 

pass Jupi te r  on December 5 o f  this  year.  

We have an interest ing option in case of Pioneer 11. If we decide we 

can safely send i t  much closer t o  Jupi te r  than Pioneer 10 went, then i t  can 

pick up extra  momentum and head off a t  the r i g h t  speed a n d  i n  the r i g h t  

direction t o  pass f a i r l y  close t o  Saturn i n  1979. 

are  s t i l l  working on. 

T h i s  i s  a decision we 

Outer Planets: Mariner J u p i  ter/Saturn 1977 

Our next spacecraft t o  v i s i t  the Outer Planets, a f t e r  Pioneer 10 and 

11, will  be two larger  Mariner,-type c r a f t ,  which will  be launched toward 

both Jupi te r  and Saturn i n  1977. 

1650 pounds each, compared w i t h  only 570 pounds f o r  Pioneers 10 and 1 1 .  

These Mariner spacecraft will  weigh a b o u t  
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They will  pass  a t  a c o n s i d e r a b l e  d i s t a n c e  from J u p i t e r  (more t h a n  200,000 

m i l e s )  b u t  will  come w i t h i n  abou t  72,000 miles o f  S a t u r n .  An e s p e c i a l  

e f f o r t  will be made t o  learn more abou t  S a t u r n ' s  r i n g s  and abou t  the moons 

of S a t u r n ,  i nc lud ing  the b i g  one named T i t a n ,  w h i c h  appears  t o  be one o f  

t h e  most i n t e r e s t i n g  bodies  i n  the S o l a r  System. A t  l e a s t  i t  appears  t o  

have a s u b s t a n t i a l  atmosphere and a tmospher ic  tempera tures  w h i c h  might  

make i t  what has been c a l l e d  "a p l a c e  t o  s t u d y  p r e b i o l o g i c a l  o r g a n i c  

evo 1 u t i on " . 
Our two Mariner  s p a c e c r a f t  will have t o  travel through space  f o r  

3 1/2 y e a r s  b e f o r e  they  pass  Sa tu rn .  

launch i n  1977, t h a t  means they reach S a t u r n  i n  1980 and 1981. 

S i n c e  they a r e  scheduled  f o r  

P l a n e t a r y  e x p l o r a t i o n  t a k e s  p a t i e n c e .  I t  cannot  a l l  be done i n  one 

b i g  push, l i ke  the Apollo program t o  land  on the Moon. We have t o  move 

s t e p  by s t e p ,  decade by decade. B u t  even so ,  a g r e a t  dea l  w i l l  be 

l ea rned ,  and many e x c i t i n g  voyages will be made, du r ing  the l ifetimes 

of you young people  here today .  
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Inner Planets -- Venus and Mercury 

Mar 

the 

10. 

Now l e t ' s  come back from the Outer Planets a n d  take a look a t  the 

ner 10 spacecraft we have headed in the other d i rec t  on, i n  toward 

innermost planet , Mercury. 

Mariner 10 weighs abou t  1,100 pounds, or twice as much as  Pioneer 

Mariner 10 passed Venus two weeks ago (on February 5) and used the 

gravity pull o f  tha t  planet t o  send i t  on toward Mercury. 

f i r s t  spacecraft t o  use th i s  k i n d  of gravity-assist  and a l s o  the f i r s t  

t o  head for Mercury. 

Mariner 10 will pass Mercury on March 29.  

Mariner 10 took about 3,400 pictures o f  cloud-covered Venus. 

These pictures reveal for  the f i r s t  time something o f  the nature 

I t  i s  the 

o f  the weather on Venus. They reveal a system o f  bands and streaks i n  

the clouds roughly parallel  t o  the planet ' s  equator, and vaguely remi- 

niscent o f  Jup i t e r ' s  cloud bands .  

Analysis of the masses o f  sc i en t i f i c  d a t a  on Venus sent back by 

Mariner 10 have j u s t  begun. 
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Inner Planets -- Pioneer Venus 1978 

Our new Budget, which the President announced e a r l i e r  t h i s  m o n t h ,  

c a l l s  for  two new Pioneer spacecraft t o  be sent t o  Venus in 1978. 

Pioneers will weigh about 1,500 pounds. 

These 

One will send entry probes into the Venus atmosphere a t  four different  

locations t o  measure i t s  composition and global dynamics. These probes 

will be designed to survive until  they reach the surface, b u t  n o t  necessarily 

on the surface. The second spacecraft will o rb i t  Venus t o  study the 

characterist ics of the atmosphere and t he i r  temporal changes. 

This i s  a project which has had a t o p  s c i en t i f i c  pr ior i ty  as the next 

new step in planetary exploration. 

global dynamics of the atmosphere of Venus, which i s  100 times denser t h a n  

the Earth i s ,  will gqve a bet ter  understanding both of Venus and o f  the 

forces t h a t  drive the Ear th’s  atmosphere, meteorology, and climatology. 

Detailed study of the composition and 

The Pioneer Venus missions s t i l l  have t o  be approved by Congress. 
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Mars -- Viking 1975 

Now l e t  us t u r n  t o  w h a t  I think will be our most exciting and most 

s ignif icant  planetary missions in th i s  decade. 

These are  two f l i gh t s  by large advanced V i k i n g  spacecraft t o  o rb i t  

and land on Mars. They will be launched next year and  land in 1976. 

The Viking spacecraft weigh 8,100 pounds. 

Each Viking consists of two major parts -- an Orbiter and a Lander. 

While the Orbiters relay communications with Ear th  and gather other data,  

the Landers will touch down sof t ly  on the Martian surface, transmit TV 

pictures,  and deploy instruments t o  search f o r  evidence o f  ext ra te r res t r ia l  

l i f e .  

I t  j u s t  so happens t h a t  the ce les t ia l  mechanics involved, and the 

scheduling dictated by budgetary considerations, will permit one o f  the 

Vikings t o  land on Mars on or about  the Fourth of July 1976, on the 

200th anniversary of American independence. 

We hope our Viking landers will be the f i r s t  t o  discover uncontestable 

evidence o f  l i f e  elsewhere in the Solar System. 

the Russians. 

B u t  t h i s  honor may go t o  
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As you probably know, the f a v o r a b l e  o p p o r t u n i t i e s  t o  send s p a c e c r a f t  

t o  Mars come a t  about  two-year i n t e r v a l s .  

t o  launch s p a c e c r a f t  t o  Mars i n  1973, bu t  the Russians d i d  n o t .  

We passed u p  the o p p o r t u n i t y  

The Russians launched two s p a c e c r a f t  t o  Mars i n  J u l y  of 1973 and two 

i n  August. 

They c a l l  them Mars 4 ,  5 ,  6 ,  and 7 .  

Mars 4 had bad luck. Because a braking r o c k e t  f a i l e d  t o  f u n c t i o n ,  

Mars 4 s a i l e d  r g h t  on p a s t  the p l a n e t  a t  an a l t u t u d e  of about  1,400 m i l e s .  

( I t  i s  i n  an e l l i p t i c a l  Mars 5 has gone i n t o  o r b i t  around the p l a n e t .  

o r b i t  w i t h  high and low p o i n t s  of about  20,000 miles and abou t  1 ,000 miles.) 

Mars 6 and 7 will a r r i v e  a t  the p l a n e t  e a r l y  i n  March. 

The Russians have announced t h a t  Mars 4 and 5 a r e  "analogous" and 

t h a t  6 and 7 a r e  "analogous".  They have n o t  announced which of the space-  

c r a f t  w i l l  send down l a n d e r s .  One guess  i s  t h a t  Mars 6 and 7 will a t t empt  

1 andi  ngs . 
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We d o n ' t  know e x a c t l y  what ins t ruments  t h e  Russians a r e  go ing  t o  

l a n d  on Mars. 

p i c t u r e s .  

ment such as we expect  t o  l and  on Mars i n  1976. 

They w i l l  undoubtedly have imaging equipment t o  send back 

It i s  ve ry  u n l i k e l y  t h a t  t hey  w i l l  have l i f e  d e t e c t i o n  equip- 

Unless the re  a re  l i f e  forms on Mars b i g  enough t o  be seen i n  the  

Russian TV p i c t u r e s ,  i t  i s  u n l i k e l y  t h a t  we w i l l  know be fo re  1976 whether 

the re  i s  l i f e  t h e r e  o r  n o t .  

However, i f  t h e  Russians a re  successfu l  on t h e i r  c u r r e n t  missions, 

they should be a b l e  t o  o b t a i n  t h e  f i r s t  d e t a i l e d  p i c t u r e s  o f  what t h e  

su r face  o f  Mars looks  l i k e .  

From our  Mar iner  9 p i c t u r e s ,  which were taken f rom Mars o r b i t ,  we 

know on ly  t h e  gross fea tu res :  

caps, t he  volcanos, and f e a t u r e s  o f  t h a t  s o r t .  

rocks are,  we d o n ' t  know i f  t h e r e  a r e  any s t range geo log ica l  fo rmat ions ,  

and o f  course we d o n ' t  know i f  t h e r e  a r e  any s i zeab le  l i f e  specimens. 

But  these a re  the  t h i n g s  we may l e a r n  from t h e  Russian images i f  they  

a re  success fu l .  

t h e  canyons, t h e  r i v e r  beds, t h e  p o l a r  i c e  

We d o n ' t  know how b i g  t h e  
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Our Viking Landers in 1976 will carry very high resolution cameras 

plus good biological detecting systems, so we will be able t o  t e l l  whether 

there i s  any l i v i n g  material in the soi l  near the spacecraft, and also 

whether there ha!; been any living material in the recent past .  

Moreover, we will be landing in regions of Mars which are  much more 

l ikely t o  support l i f e  t h a n  the regions the Russians have chosen t o  land 

in th i s  year. The Russians have chosen the landing places t h a t  appear 

most interesting geologically , b u t  1 ess interesting bi ol ogical l y  . 
We will be landing, fo r  example, in the northern par t  o f  Mars (45" N)  

abou t  20 degrees from the edge of the north polar cap. We think there i s  

water ice in the polar caps of Mars and we would expect t o  f i n d  the l i f e  

forms where the water i s ,  or has been. T h a t  i s ,  of course, i f  the l i f e  

forms on Mars are the same as we know on Earth. 

Our other l a n d i n g  will be a t  the m o u t h  o f  what appear t o  have been 

expectation t h a t  water flowing in the past may have 

organisms of one kind or another in the soi l  a t  t h i s  

r iver beds, 

deposited e 

point. 

i n  the 

ementa 
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T e n t a t i v e  Mars Missions 

We have no approved Mars missions beyond the Vik ing  landings  i n  1976. 

B u t  accord ing  t o  t e n t a t i v e  p l ans  ( a s  se t  f o r t h  i n  the  1973 NASA Payload 

Model) we may 

-- launch ano the r  V i k i n g  t o  Mars i n  1979, 

-- two new s p a c e c r a f t  t o  b r ing  back s u r f a c e  samples from Mars i n  

1984, 

-- and two s i m i l a r  s p a c e c r a f t  t o  b r i n g  back samples from the two moons 

o f  Mars, Phobos and Deimos, i n  1990 and 1991. 

In  case  you a r e  wondering, we have no p l ans  a t  th is  time f o r  a manned 

landing on Mars. 

I hope I have a l r e a d y  made c l e a r  one reason  why we d o n ' t  have such 

p lans .  

importance t o  be undertaken f i r s t  w i t h  automated (unmanned) s p a c e c r a f t .  

These will keep us busy u n t i l  the 199Os, a t  l e a s t .  A second reason i s  

the h i g h  c o s t .  

There a r e  so many p re l imina ry  mis s ions  o f  g r e a t  s c i e n t i f i c  

I will come back t o  this subject l a t e r  on .  
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Other Tentative Missions t o  Explore the So la r  System 

I would l ike t o  t e l l  you very br ief ly  about some of the other 

tentative plans we have for  exploring the planets in the 1980s and early 

1990s. 

We have tentat ive plans t o  send as many as 10 Mariner or Pioneer 

spacecraft t o  the Outer Plavets i n  the 1980s. We wi l l  explore a l l  the 

Outer Planets except Pluto, which i s  too f a r  away. 

About 1990 we may send two very heavy payloads weighing about 11 

tons each t o  land a TV camera and other instruments on one of the moons 

of Jupiter.  

In the mid-Eighties we may send two spacecraft t o  f l o a t  i n  the 

heavy atmosphere of Venus a t  various levels.  

a TV camera and other instruments on Venus. 

And by 1989 we may l a n d  

We also have tentat ive plans t o  send eight automated spacecraft t o  

the Moon between 1979 and 1991. These include Lunar Rovers which could 

travel 60 miles or mcre during a year ,311 the Moon and others which could 

send samples back t o  Earth from the hidden side of the Moon. 

We also are considering sending automated spacecraft t o  study comets 

a t  close range, beginning i n  1979, and perhaps make a landing on the 

nucleus o f  a comet. 

one or more large asteroids n the mid-Eighties. 

We also want t o  send automated spacecraft t o  v i s i t  
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The Search for  Extraterrestr ia l  Life 

To conclude my description of NASA's  plans, and hopes, for  exploring 

the Solar System, I would l ike  t o  go a l i t t l e  deeper into one of the great 

s c i en t i f i c  and philosophical undertakings of our time: 

ex t ra te r res t r ia l  l i f e .  

the quest f o r  

I imagine t h i s  i s  the p a r t  of the space program which many o f  you 

f i n d  most interesting. 

Personal Views 

I will g i v e  you some personal views: 

1 .  There i s  no hope o f  findin5 inte  1 igent i f e  elsewhere i n  our 

Solar System. As far  as t h i s  particular corner of the universe 

i s  concerned, we are i t .  

I do t h i n k  the chances are f a i r  t h a t  we will f i n d  primitive l i f e  

forms on Mars or  other planets, 

or in the i r  atmospheres, 

or on the i r  moons. 

2. 

I ,  I 
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The Search fo r  Extraterrestr ia l  Life 

Personal Views (continued) 

3 .  Such a discovery will shed l igh t  on how l i f e  arose on Earth.  

I t  will strengthen our conviction t h a t  in te l l igent  l i f e  must 

ex is t  on the planets of mill ions,  or even b i l l ions ,  of other 

stars in the universe. 

Will we ever be able t o  v i s i t  other c iv i l iza t ions  in  space, o r  

expect them t o  v i s i t  Earth? 

4. 

I d o u b t  i t ,  in view o f  the great distances involved. 

We simply do n o t  know how t o  begin t o  b u i l d  the k ind  of space- 

ship t h a t  would be needed t o  reach even the nearest s t a r s .  

Maybe future generations o f  Earth men wil l  learn how t o  build such 

in t e r s t e l l a r  space ships. 

B u t  f i r s t  they will have t o  gain sweeping new insights i n t o  the physical 

laws o f  the universe. 

elsewhere in the universe, future generations of Earth men may hear about  

them on the intergalact ic  rr!dio network, and  save themselves a l o t  o f  time 

If there are such in t e r s t e l l a r  spaceships in use 

and trouble. 
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The Search f o r  Ext ra te r res t r ia l  Life 

Personal Views (continued) 

5. Although I am pessimistic about the chances o f  our t rave l l ing  

outside the Solar System, I believe the chances a re  very good 

tha t  we can communicate by radio w i t h  advanced c iv i l iza t ions  i n  

our Milky Way Galaxy or  i n  the many b i l l ions  o f  other galaxies 

i n  the Universe. 

I f i n d  i t  quite easy t o  believe t h a t  there must be many advanced 

c iv i l iza t ions  broadcasting i n  our direction -- n o t  t o  us spec i f ica l ly ,  

b u t  i n  our direct ion.  

I am also sure t h a t  we have the technology needed -- r i g h t  now -- 
t o  seriously search f o r  and eventually intercept  such s ignals .  

My optimism is  based on a serious study made recently w i t h  

support from NASA. 

exp l i c i t  directions f o r  s e t t i ng  u p  an in te rga lac t ic  l i s ten ing  

I t  i s  cal led Project Cyclops. I t  gives very 

system, w i t h  present day technology. 
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The Search f o r  Ext ra te r res t r ia l  Life 

Personal Views (continued) 

I t  i s  simply a question o f  money, and therefore o f  public 

i n t e re s t .  

Such a l is tening system will  probably be s e t  u p  by today's 

college students, when you are  planning the programs and the 

budgets of xhe United S ta tes .  

I t ' s  something t o  t h i n k  about. 

NASA are  already deeply committed 

B u t  f o r  the present, we a t  

a)  

b )  

t o  exploring here a t  home i n  the Solar System 

and t o  making more e f fec t ive  use of Earth o r b i t  f o r  science 

and practical  benefi ts .  
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Quest ions  

Now I would l i k e  t o  come back t o  the  quest ions I u s u a l l y  g e t  asked: 

When w i l l  Americans r e t u r n  t o  t h e  Moon? 

When w i l l  we l a n d  men on Mars? 

When w i l l  we es tab l - i sh  a Large Space S t a t i o n  i n  Ea r th  o r b i t ?  

Man's Return t o  the  Moon 

It i s  q u i t e  poss ib le  t h a t  t h e  Russians w i l l  send men t o  t h e  Moon f o r  

s h o r t  s tays du r ing  t h i s  decade, as we have a l ready  done i n  t h e  Apo l l o  

program. 

Whether we w i l l  want t o  send men back t o  the  Moon on s h o r t  Apo l lo -  

type miss ions requ i res  f u r t h e r  s tudy.  

u n t i l  we are  ready t o  beg in  establ ishment  o f  manned s c i e n t i f i c  bases f o r  

I t  i s  probably  b e t t e r  t o  w a i t  

C.  

l i k e l y ,  even a f t e r  

long  term use, 1 

As I see i t  

ke our  p resent  bases i n  the  A n t a r c t  

now, such bases on the  Moon a re  n o t  

1991, un less they a re  b u i l t  i n  i n t e r n a t i o n a l  p r o j e c t s  w i t h  t h e  coopera t ion  

o f  the Sov ie t  Union, t he  Un i ted  Sta tes ,  and perhaps even Europe. 

bases would be t o o  expensive f o r  one count ry  a lone.  

Such 
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Prospects for Manned Mars Landing 

I t h i n k  manned exploration of Mars should be undertaken a f t e r  

have had experience with large Space Stations i n  Earth o r b i t  and w 

long stays i n  s c i en t i f i c  bases on the Moon. 

we 

t h  

Like sc i en t i f i c  bases on the Moon, manned expeditions t o  Mars will  

have t o  be organized on an international basis.  

expensive for  any one country alone. 

They wil l  be too  

Prospects f o r  a Large Manned Space Station 

Skylab has c lear ly  shown the potential value o f  the Space Shuttle 

and the Spacelab module, which can serve as a small space s ta t ion  

accommodating about four s c i en t i s t s  f o r  missions u p  t o  30 days.  

B u t  Skylab has a l s o  convinced us tha t  we will need Large Space 

Stations f o r  long missions employing la rger  and more sophisticated 

instruments. 

B u t  we simply do not have the funds in this  decade t o  develop b o t h  

the Space Shuttle and a Large Space Station. 

had t o  g ive  p r i o r i t y  t o  the Shuttle and the smaller Spacelab module. 

Faced w i t h  tha t  choice, we 



31 

I t  i s  very l ikely t h a t  the Soviet Union will develop a space s ta t ion ,  

and,they may have i t  i n  o rb i t  by the end of t h i s  decade. How i t  w i l l  

compare i n  s ize  and ve r sa t i l i t y  and productivity with the manned Spacelab 

module the Europeans are developing for  use w i t h  the Space Shuttle remains 

t o  be seen. 

Conclusion 

We should not be dismayed by the f a c t  t h a t  cost  factors require 

international cooperation on such large undertakings as s c i en t i f i c  bases 

on the Moon and manned landings on Mars. We s h o u l d  welcome i t .  

I think such cooperation i s  an excellent way of helping t o  assure 

tha t  we will enter the 2 s t  century as a world a t  peace. 

Will such long-term large-scale international ventures i n  space be 

pol i t ica l ly  feasible one or two decades from now? 

No one can say with cer ta inty,  of course. 

taken two important steps i n  t h i s  general direction already: 

I very much hope so. 

B u t  I can p o i n t  o u t  that  we have 

1 )  The scheduling of the ApollolSoyuz Test Project fo r  1975 

and 

The agreement w i t h  nine European countries t o  develop the 

manned Spacelab module for use w i t h  the Space Shuttle.  

2) 



And by 1991 I anticipate t h a t  i t  

desired t o  proceed 011 the major space 
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will be c lear  t o  a l l  t h a t  i f  i t  i s  

missions of the future,  there i s  no 

a1 ternative t o  international cooperation -- no a1 ternative t h a t  i s  bo th  

feasible and appropriate in a world a t  peace. 

I t  i s ,  of course, d i f f i cu l t  t o  plan now fo r  the future beyond 1991. 

Our Payload Model goes abou t  as f a r  as one can go .  

For the near future -- for  the next 18 years -- we do have well 

planned space programs and poss ib i l i t i es  which we can afford on a national 

basis, w h i c h  do encourage international cooperation i n  space on a growing 

scale,  and which are the logical next steps t o  explore and  use space. 

The many space achievements we have tentatively planned l o r  the next 

18 years will enrich our l ives ,  advance our technology, and  enhance our 

security. 

of.  

They will be achievements t h a t  we as a people can be very proud 


